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Readiness  Thru  Health 


U.S.  Army  Center  for  Health  Promotion  and  Preventive  Medicine 


The  lineage  of  the  U.S.  Army  Center for  Health  Promotion  and  Preventive  Medicine 
(USACHPPM)  can  be  traced  back  over  50 years.  This  organization  began  as  the  U.S.  Army 
Industrial  Hygiene  Laboratory,  established  during  the  industrial  buildup  for  World  War  II,  under 
the  direct  supennsion  of  the  Army  Surgeon  General.  Its  original  location  was  at  the  Johns  Hopkins 
School  of  Hygiene  and  Public  Health.  Its  mission  was  to  conduct  occupational  health  surveys  and 
investigations  within  the  Department  of  Dfense’s  (DOD’s)  industrial  production  base.  It  was 
staffed  with  three  personnel  and  had  a  limited  annual  operating  budget  of  three  thousand  dollars. 

Most  recently,  it  became  internationally  known  as  the  U.S.  Army  Environmental  Hygiene  Ageny 
(AEHA).  Its  mission  expanded  to  support  worldwide  preventive  medicine  programs  of  the  Army, 
DOD,  and  other  Federal  agencies  as  directed  by  the  Army  Medical  Command  or  the  Office  of  The 
Surgeon  General,  through  consultations,  support  services,  investigations,  on-site  visits,  and  training. 

On  I  August  1 994,  AEHA  was  redesignated  the  U.S.  Army  Center for  Health  Promotion  and 
Preventive  Medicine  with  a  provisional  status  and  a  commanding  general  officer.  On  1  October 
1 995,  the  nonprovisional  status  was  approved  with  a  mission  of  providing  preventive  medicine  and 
health  promotion  leadership,  direction,  and  services  for  America’s  Army. 

The  organization’s  quest  has  always  been  one  of  excellence  and  the  provision  of  quality  service. 
Today,  its  goal  is  to  be  an  established  world-class  center  of  excellence  for  achieving  and  maintaining 
a  fit,  healthy,  and  ready  force.  To  achieve  that  end,  the  CHPPM  holds  firmly  to  its  values  which 
are  steeped  in  rich  military  heritage: 

rt  Integrity  is  the  foundation 

it  Excellence  is  the  standard 

it  Customer  satisfaction  is  the  focus 

it  Its  people  are  the  most  valued  resource 

^  Continuous  quality  improvement  is  the  pathway 

This  organization  stands  on  the  threshold  of  even  greater  challenges  and  responsibilities.  It  has  been 
reorganized  and  reengineered  to  support  the  Army  of  the  future.  The  CHPPM  now  has  three  direct 
support  activities  located  in  Fort  Meade,  Maryland;  Fort  McPherson,  Georgia;  and  Fitzsirnons 
Army  Medical  Center,  Aurora,  Colorado;  to  provide  responsive  regional  health  promotion  and 
preventive  medicine  support  across  the  U.S.  There  are  also  two  CHPPM  overseas  commands  in 
Landstuhl,  Germany  and  Camp  Zama,  Japan  who  contribute  to  the  success  of  CHPPM’s 
increasing  global  mission.  As  CHPPM  moves  into  the  21st  Century,  new  programs  relating  to 
fitness,  health  promotion,  wellness,  and  disease  surveillance  are  being  added.  As  always,  CHPPM 
stands  firm  in  its  commitment  to  Army  readiness.  It  is  an  organization  proud  of  its  fine  history,  yet 
equally  excited  about  its  challenging  future. 
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EXECUTIVE  SUMMARY 


This  assessment  evaluated  the  potential  for  human  health  effects  to  offsite  residents 
breathing  air  emissions  following  use  of  the  M918  40-mm  Practice  Cartridge  (M918)  or 
the  M781  40-mm  Practice  Cartridge  (M781)  during  training  exercises.  The  M918  and 
M781  were  evaluated  separately  and  the  results  of  both  analyses  are  presented  in  this 
report. 

To  conduct  this  assessment,  air  emissions  from  the  M918  and  the  M781  were  collected 
in  a  test  chamber  at  the  U.S.  Army  Aberdeen  Test  Center,  Maryland.  The  data 
collected  from  the  Firing  Point  Emission  Study  provided  the  amount  and  types  of 
substances  released  from  the  M918  and  the  M781 .  This  information  was  then  used  in 
an  air  dispersion  model  to  determine  ambient  air  concentrations  at  a  location  1 00 
meters  (328  feet)  downwind  from  a  site  where  the  M918  or  the  M781  may  be  used. 
Since  the  training  facility  in  this  assessment  is  hypothetical,  the  air  model  used 
assumptions  that  provided  conservative  estimates  of  air  concentrations. 

Modeled  air  concentrations  were  combined  with  exposure  information  (e.g.,  number  of 
cartridges  used  per  year)  to  estimate  the  amount  of  each  substance  the  hypothetical 
offsite  resident  breathes.  This  estimate  was  then  compared  with  the  substance’s  health 
information,  which  was  obtained  from  agencies  such  as  the  U.S.  Environmental 
Protection  Agency,  to  determine  if  there  is  a  potential  for  health  risks  from  Inhalation. 

The  health  risk  assessment  included  both  long-term  (30  years)  and  short-term  (15- 
minute  or  1-hour)  exposures  to  modeled  substance  concentrations.  Assessment 
results,  generated  using  conservative  methods,  showed  that  the  hypothetical  offsite 
resident  breathing  air  as  close  as  100  meters  from  either  the  M918  or  the  M781  firing 
locations,  is  safe  from  these  emissions.  It  should  be  noted  that  at  most  training 
installations,  training  areas  are  over  1 ,000  meters  (over  half  a  mile)  away  from 
populated  areas. 
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TRAINING  MUNITIONS  HEALTH  RISK  ASSESSMENT  NO.  39-EJ-1485-00 
RESIDENTIAL  EXPOSURE  FROM  INHALATION  OF  AIR  EMISSIONS  FROM  THE 
M918  40-MM  PRACTICE  CARTRIDGE  OR  THE  M781  40-MM  PRACTICE 

CARTRIDGE 


1.  PURPOSE 

This  document  presents  the  assessment  of  the  potential  for  human  health  effects  to 
offsite  residents  breathing  air  emissions  following  use  of  the  M91840-mm  Practice 
Cartridge  (M918)  or  the  M781  40-mm  Practice  Cartridge  (M781)  during  training 
exercises.  The  M918  and  M781  were  evaluated  separately  and  the  results  of  both 
analyses  are  presented  in  this  report. 

2.  AUTHORITY 

Memorandum,  U.S.  Army  Environmental  Center,  4  June  1999,  Subject:  Pyrotechnics 
Risk  Assessment. 

3.  REFERENCES 

See  Appendix  A  for  a  list  of  references. 

4.  BACKGROUND 

4.1  CARTRIDGES  AND  THEIR  USE 

Cartridges  are  cases  that  contain  a  primer,  propelling  charge,  and  projectile.  The 
primer  is  needed  to  activate  the  propelling  charge,  which  provides  the  force  to  send  the 
projectile  to  a  target.  Examples  of  projectiles  include  bullets,  rockets,  and  missiles. 
Cartridges  are  also  referred  to  as  “rounds”  and  are  fired  from  weapons  such  as  pistols 
or  rifles. 

4.2  WHATARETHEM918ANDTHEM781? 

The  M918  is  a  practice  cartridge  used  only  in  training.  It  mimics  the  appearance 
and  behavior  of  the  M430  cartridge  used  In  combat  (Reference  1).  The  M918  can  be 
identified  by  its  blue  and  brown  color  with  black  markings. 

The  M781  is  a  practice  cartridge  that  Is  fired  from  a  40-mm  Grenade  Launcher, 
M203.  It  can  be  Identified  by  its  blue  casing  with  white  marking  (Reference  1).  Both  the 
M91 8  and  M781  are  about  the  length  of  a  soda  can. 

4.3  USEOFTHEM918ANDTHEM781 

The  M918  is  most  commonly  used  with  the  40-mm  Grenade  Machine  Gun  (Mark 
19).  Multiple  cartridges  are  linked  together  and  fired  consecutively  at  targets  at  varying 
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distances.  The  M918  can  reach  a  target  up  to  2,200  meters  (1.4  miles)  away 
(Reference  2). 

The  M781  is  used  during  practice  to  train  soldiers  to  use  the  M203.  The  M203  is 
like  a  sliding  barrel  that  is  attached  to  the  M16  series  rifle.  When  launched,  the  M781 
can  reach  a  maximum  distance  of  up  to  400  meters  (0.25  miles)  away.  Upon  impact, 
the  M781  releases  a  bright  yellow-orange  smoke  that  can  be  used  to  determine  the 
distance  from  the  target  (Reference  3). 

4.4  ASSESSMENT  SUMMARY 

The  M918  and  the  M781  were  evaluated  separately  using  the  same  approach. 
This  approach  consisted  of  two  main  parts;  air  dispersion  modeling  and  exposure 
assessment,  which  are  briefly  discussed  in  the  paragraphs  below.  Sections  5  through  7 
present  a  discussion  of  the  methodology  used  for  this  assessment. 

Emissions  data  used  in  the  air  dispersion  modeling  were  obtained  from  the  Firing 
Point  Emission  Study,  conducted  by  the  U.S.  Army  Aberdeen  Test  Center  (ATC),  at 
Aberdeen  Proving  Ground,  Maryland  (Reference  4).  This  study  was  funded  by  the  U.S. 
Army  Environmental  Center  (AEC)  with  the  purpose  of  identifying  and  quantifying 
emissions  from  weapons  firing.  Data  from  this  study  were  generated  by  firing  munitions 
in  a  test  chamber  using  weapons  that  are  representative  of  those  used  by  the  U.S. 

Army  during  training  operations.  Emissions  data  for  the  M918  and  M781  were 
generated  by  firing  them  from  the  Mark  19  machine  gun  and  the  M203  40-mm  Grenade 
Launcher,  respectively. 

The  emissions  data  for  the  M918  and  M781  were  used  with  an  atmospheric 
dispersion  model  to  estimate  the  average  concentrations  that  might  be  experienced  by 
an  offsite  resident.  Since  this  assessment  is  designed  to  provide  results  that  would  be 
applicable  to  most  Army  training  facilities,  the  training  area  used  in  this  assessment  was 
a  hypothetical  one.  While  most  training  areas  are  at  least  1,000  meters  away  from 
populated  areas,  as  a  conservative  distance,  it  was  assumed  that  a  person  could  reside 
100  meters  downwind  from  the  firing  point  (location  where  the  weapon  is  positioned).  In 
addition,  air-modeling  parameters  were  selected  to  mimic  worst-case  conditions. 

The  exposure  assessment  included  calculations  of  time-averaged  concentrations 
for  both  long-term  (chronic)  and  short-term  (acute)  exposures.  For  the  purpose  of  this 
assessment,  air  concentrations  were  averaged  over  30  years  for  chronic  exposures  and 
1-hour  or  15  minutes  for  acute  exposures.  Using  a  screening  approach,  a  substance’s 
estimated  time-averaged  concentration  was  then  compared  to  chronic  health-based 
screening  levels  (HBSLs)  established  by  the  U.S.  Environmental  Protection  Agency 
(EPA)  or  acute  toxicity  values  (ATVs)  established  by  selected  agencies  depending  on 
the  exposure  duration  (i.e.,  30  years  versus  1-hour  or  15  minutes).  The  comparison 
was  made  using  the  ratio  of  the  HBSL  or  ATV  to  the  estimated  air  concentration  for 
each  of  the  substances  evaluated.  If  this  ratio  was  less  than  one,  no  further  evaluation 
was  needed.  This  approach  is  conservative  because  the  exposure  assumptions  used 
by  the  agencies,  to  establish  HBSLs  and  ATVs,  are  likely  to  overestimate  the  exposures 
experienced  by  offsite  residents  living  near  firing  ranges.  If  the  chronic  or  acute 
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averaged  concentrations  (Cchronic  and  Cacute)  were  greater  than  these  screening  levels, 
further  analysis  would  be  warranted  to  determine  the  potential  for  health  effects.  Note 
that  concentrations  greater  than  the  screening  levels  do  not  indicate  an  onset  of  health 
effects,  but  rather  the  potential  for  such. 

5.  DATA  COLLECTION  AND  AIR  MODELING 

5.1  EMISSION  FACTORS 

Emission  factors,  used  to  derive  the  air  modeling  emission  rates  used  in  this 
assessment,  were  generated  from  the  Firing  Point  Emission  Study  conducted  by  the 
ATC  (Reference  4).  The  data  included  the  net  explosive  weight  (NEW)  of  the  item,  the 
substances  sampled,  and  substance-specific  emission  factors.  Emissions  data  from  the 
Firing  Point  Emission  Study  are  included  In  the  first  four  columns  of  the  table  located  in 
Appendix  B. 

5.2  BACKGROUND  AND  DESCRIPTION 

Air  dispersion  models  are  available  to  mathematically  simulate  plume  behavior 
and  to  estimate  downwind  concentrations  of  substances  emitted  from  various  sources. 
However,  specific  models  are  not  available  to  determine  the  dispersion  of  emissions 
from  munitions  used  during  training.  Estimating  the  magnitude  and  location  of  these 
concentrations  depends  on  many  factors  including  the  amount  and  type  of  emissions, 
the  behavior  of  the  source,  and  meteorological  conditions.  Since  a  specific  model  is  not 
available  for  modeling  the  use  of  munitions  during  training,  the  U.S.  Army  Center  for 
Health  Promotion  and  Preventive  Medicine  (USACHPPM)  evaluated  numerous  air 
models  to  determine  which  would  be  suitable  for  use  with  munitions  used  during 
training.  The  USACHPPM  recommended  using  the  Integrated  PUFF  (INPUFF)  model 
to  estimate  the  dispersion  of  emissions  from  various  munitions  sources  (Reference  5). 

The  INPUFF  model  (Reference  6)  was  developed  to  simulate  dispersion  Ifom 
instantaneous  or  semi-continuous  point  sources.  This  Gaussian-Integrated  puff  model 
is  capable  of  addressing  a  cloud  type  release  over  short  periods  of  time,  and 
computations  can  be  performed  for  a  single  point  source  for  multiple  receptors.  The 
algorithms  used  to  calculate  concentrations  assume  a  vertically  uniformed  wind 
direction  (with  no  chemical  reaction)  to  compute  the  contribution  of  each  cloud  at  a 
receptor  for  each  time  step/interval. 

5.3  MODEL  ASSUMPTIONS 

Some  assumptions  were  made  to  best  represent  the  firing  of  the  M918  and  M781 
cartridges.  These  assumptions  were  as  follows: 

>  Typically,  with  conventional  point  sources,  the  cloud  rise  and  formation  are 
determined  by  characterizing  flue  gas  exit  velocity,  temperature,  and  stack 
diameter.  However,  the  40-mm  cartridges  are  used  in  conjunction  with  the 
Mark  1 9  and  the  M203  guns.  For  unconventional  sources  with  no  real 
physical  stack  dimensions,  such  as  the  Mark  19  and  the  M203,  the  stack 


3 


Training  Munitions  Health  Risk  Assessment  No.  39-EJ-1485-00  Residential  Exposure  From  Inhalation  of  Air  Emissions  From  the 
M918  40-mm  Practice  Cartridge.  DODIC;  B584  or  the  M781  40-mm  Practice  Cartridge,  DODIC;  B519 


height  and  diameter  were  determined  to  be  equal  to  the  height  of  the  barrel 
and  the  bore  diameter.  No  exit  velocity  was  used  with  these  sources  because 
the  emission  rates  generated  from  the  test  data  were  obtained  from  sampling 
a  stabilized  cloud  with  no  exit  velocity.  Table  1  includes  the  source 
parameters  used  to  model  the  M91 8  and  the  M781  cartridges. 


TABLE  1:  SOURCE  PARAMETERS 


Parameter 

40  -mm  Practice  Cartridges 

M918 

M781 

Source/Stack  Diameter 

0.040  meters 

0.040  meters 

Source/Stack  Height 

1  meter 

1  meter 

Source  Exit  Temperature 

293  degrees  Kelvin  (“K)  (or  68  °F) 

Exit  Velocity 

0  meters/second 

0  meters/second 

initial  horizontal  dispersion 
coefficient  (a^ ) 

2.29  meters 

0.96  meters 

Initial  vertical  dispersion 
coefficient  (a^ ) 

1.07  meters 

1.07  meters 

>  Initial  cloud  dimensions  are  preferred  to  model  the  air  emissions  from  these 
types  of  releases.  This  information  was  not  measured  during  the  Firing  Point 
Emission  Study;  therefore,  the  cloud  dimensions  were  based  on  the  test 
chamber  dimensions  and  the  volume  of  air  sampled.  The  cloud  dimensions 
were  used  to  define  the  initial  horizontal  and  vertical  dispersion  values  (oy  and 
(jz)  of  the  released  cloud.  The  cloud  exit  temperature  was  assumed  to  be 
equal  to  the  test  chamber  temperature.  The  cloud  dimensions  were 
calculated  using  the  following  equation: 


h  = 


V 


Equation  1 


Where: 

h  =  length  of  the  test  chamber  (ft) 

V  =  Volume  of  air  sampled  (ft^) 
r=  Inner  radius  of  the  test  chamber  (ft) 

Note:  The  length  of  the  test  chamber  was  adjusted  with  removable  interior  partitions  to 
accommodate  the  physical  size  of  weapon  tested  and  the  quantity  of  emissions  to  be  generated. 


Example  1  provides  a  sample  calculation  for  ttie  clouds  produced  by  the  M781 
used  with  the  M203  gun. 
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Example  1 

Sample  Calculation  Using  Equation  1: 


240 

TT{3.5f 


=  6.24  ft 


Note:  Assuming  an  elliptical  cloud  with  the  prevailing  wind  direction  being  perpendicular  to  the 
launcher  muzzle  when  fired,  r  is  equal  to  the  initial  vertical  dispersion,  cr^  and  the  initial 
horizontal  dispersion,  Gy  is  equal  to  one  half  the  length  of  the  test  chamber. 


>  For  the  purposes  of  this  assessment,  a  hypothetical  offsite  resident  was 
assumed  to  be  located  100  meters  directly  downwind  from  the  source.  The 
meander  of  the  cloud  is  a  major  factor  when  estimating  concentrations  at 
given  locations  downwind  from  the  source.  Assuming  that  the  offsite  resident 
is  directly  downwind  from  the  source  is  the  same  as  assuming  that  there  Is  no 
cloud  meander  and  the  center  of  the  cloud  migrates  directly  over  the 
hypothetical  offsite  resident.  This  assumption  provides  the  most  conservative 
modeled  concentrations. 

^  Since  this  assessment  does  not  look  at  a  specific  training  site,  generic,  worst- 
case  meteorological  data  were  used.  To  determine  the  worst-case 
meteorological  conditions  that  would  result  In  the  highest  air  emission 
concentrations,  the  modeling  was  performed  using  the  ERA  Risk 
Management  Program  Guidance  (Reference  7).  This  guidance  includes 
tables  for  estimating  the  footprint  of  chemical  releases  and  is  Intended  to 
inform  emergency  responders  of  potential  accidental  releases.  The  ERA  has 
defined  most  default  conditions  for  meteorological  modeling  parameters. 

Table  2  lists  the  meteorological  parameters  that  were  used  In  the  air  models 
for  the  M918  and  the  M781. 


TABLE  2:  WORST-CASE  METEOROLOGICAL  PARAMETERS 


Parameter 

Input  Value 

Wind  Speed 

1  meter/second 

Atmospheric  Stability 

Category  F 

Wind  Direction 

\270^ 

Ambient  Temperature 

293  degrees  Kelvin  (°K)  (or  68  °F) 

5.4  GENERAL  METHODOLOGY 

The  model  was  run  for  a  total  calculation  time  of  200  seconds  (3.33  minutes)  to 
simulate  a  single  cartridge  being  fired  and  to  ensure  that  the  total  mass  of  the  cloud  had 
passed  the  worst-case  receptor  location.  Concentrations  were  calculated  every  2 
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seconds.  The  model  results  indicated  that  the  initial  cloud  reached  the  hypothetical 
offsite  resident  within  76  seconds  and  dissipated  below  the  lowest  concentration  the 
mode!  calculated,  which  in  this  instance  (1  x  10"^^  g/m^)  occurred  within  148  seconds 
Table  3  contains  the  air  model  input  parameters  used  in  this  assessment. 


TABLE  3:  AIR  MODEL  INPUT  PARAMETERS 


Parameter 

Input  Value 

Number  of  meteorological  periods  (NTIME) 

1 

Duration  of  each  meteorological  period  (ITIME) 

200  seconds 

Number  of  updates  to  the  source  (NSRCDS) 

100 

Duration/time  step  between  each  source  update 
(ISUPDT) 

2  seconds 

Total  time  modeled/Simulation  Period 
(NTIME)(ITIME)=  (NSRCDS)(ISUPDT) 

200  seconds 

1 

5.5  USE  OF  MODEL  OUTPUT 

The  concentrations  provided  by  the  INPUFF  model  were  based  on  a  unit 
emission  rate  of  1  gram/second  from  an  emission  source  and  did  not  represent  any 
substance-specific  concentrations  from  the  use  of  any  weapons  system.  This  unit 
emission  rate  is  typically  used  for  ease  of  modeling  purposes.  The  relationship  between 
the  emission  rate  and  predicted  concentration  is  linear.  Therefore,  the  ratio  of  the 
predicted  concentration  to  the  unit  emission  rate  was  multiplied  by  each  substance- 
specific  emission  rate  to  provide  substance-specific  concentrations. 

5.6  DETERMINATION  OF  SUBSTANCE-SPECIFIC  EMISSION  RATES 

The  actual  substance  emission  rate  for  one  item  (ERi)  for  each  substance  was 
calculated  using  Equation  2.  Example  2  contains  a  sample  calculation  using  this 
equation. 


EF-CV 

t 


Equation  2 


Where: 

ERi  =  emission  rate  for  one  item  (g/sec) 

EF  =  average  adjusted  emission  factor  (Ib/item) 

CV  =  conversion  factor  (453.59  g/lb) 
t  =  release  duration  obtained  from  the  INPUFF  model  (sec) 
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Example  2 

Sample  Calculation  Using  Equation  2: 

(2.522  E- 04)  (453.59) 

^ 1  item 

=  5.721  E-02  g/sec 

Calculation  provided  for  Carbon  Dioxide  (CO2)  for  the  M781.  Averaged 
adjusted  emission  factor  of  CO2  in  Ib/cartridge  was  obtained  from  Appendix  B. 


Substance-specific  ambient  concentrations  for  one  item  (CONG)  were  calculated 
using  the  following  equation.  A  sample  calculation  using  this  equation  is  provided  in 
Example  3. 


CONC  =  ER, 


UC 


ER. 


unit 


Equation  3 


Where: 

CONG  =  substance  concentration  based  on  one  item  (g/m^) 
ERi  =  emission  rate  for  one  item  (g/sec) 

ERunit  =  unit  emission  rate  as  used  in  the  model  (g/sec) 

UC  =  concentration  based  on  the  unit  emission  rate  (g/m^) 


Example  3 

Sample  Calculation  Using  Equation  3: 

CONC  =  (5.721E  -  02)  04) 

(1) 

=  1.161E-05g/m^ 

Calculation  provided  for  CO2  for  the  M781. 
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6.  RISK  ASSESSMENT 

6.1  EXPOSURE  ASSUMPTIONS 

Exposure  assumptions  were  selected  using  a  typical  use  scenario  for  the  M918 
and  the  M781  during  training  exercises.  The  use  of  both  types  of  40-mm  practice 
cartridges  (M918  and  M781)  was  evaluated  separately  in  this  assessment  The  typical 
use  scenario  was  provided  by  the  AEG  and  is  based  on  consultation  with  their  senior 
training  advisor  (References  8,  9).  The  frequency  of  use  for  the  M91 8  and  M781  was 
required  to  determine  how  much  substance  an  offsite  resident  would  be  exposed  to  in 
the  time  period  of  interest  (i.e.,  acute  or  chronic  exposure).  Table  4  summarizes  the 
general  use  scenario  for  the  M918  and  M781. 


TABLE  4:  FREQUENCY  OF  USE  FOR  THE  M918  AND  THE  I\/I781 


Parameter 

40-mm  Practice  Cartridges 

M918 

M781 

Number  of  cartridges  used  per  year 

15,432 

15,488 

Maximum  number  of  cartridges  used  in  1-  hour 

160 

144 

6.2  TIME-AVERAGING 

For  the  chronic  assessment,  time-averaged  concentrations  were  calculated  using 
the  ERA’S  default  residential  exposure  duration  of  30  years.  This  is  consistent  with  the 
exposure  duration  used  by  the  EPA,  which  assumes  that  the  resident  spends  30  years 
at  the  same  residence.  By  using  the  same  exposure  duration,  the  estimated  time- 
averaged  concentrations  were  compared  with  the  selected  HBSLs,  which  were  derived 
using  standard  EPA  default  assumptions. 

Using  the  default  residence  time  established  by  the  EPA,  the  assumption  was 
made  that  someone  could  be  exposed  to  air  emissions  from  15,432  or  15,488  cartridges 
per  year  for  30  years  for  the  M918  and  the  M781 ,  respectively.  Table  5  lists  the 
exposure  parameters  used  to  estimate  concentrations  for  the  chronic  assessment. 
These  parameters  are  based  on  the  typical  use  scenario  provided  by  AEG  (Table  4)  and 
the  assumptions  used  in  the  air  model  run. 
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TABLE  5:  EXPOSURE  PARAMETERS  USED  TO  DETERMINE  TIME-AVERAGED 
CHRONIC  AIR  CONCENTRATIONS 


Exposure  Parameter 

Value  Used 

M918 

M781 

Exposure  Time  (ETctg) 

3.333 

min/cartrldge^ 

3.333 

min/cartridge^ 

Exposure  Frequency  (EFdg) 

15,432 

cartridges/year 

15,488 

cartridges/year 

Exposure  Duration  (ED) 

’Based  on  the  total  model  time  of  200  seconds  (3.33  minutes)  used  in  the  air  model 
^EPA  default  value. 

run. 

Chronic  averaged  concentrations  were  calculated  using  Equation  4.  Example  4 
shows  how  this  calculation  was  performed,  using  the  total  suspended  particulates  (TSP) 
concentration  from  the  M781  as  an  example.  The  TSP  is  classified  as  a  noncarcinogen, 
as  indicated  in  Appendix  C,  the  averaging  time  (AT)  is  the  same  as  the  exposure 
duration. 


'chronic 


-ET^^-EF^^  -ED 
525,60(i-AT 


Equation  4 


Where: 


Cchronic  =  average  chronic  concentration  (pg/m^) 

CONC  =  average  modeled  concentration  for  one  cartridge  (g/m 
f  0®  =  unit  conversion  ^pg/g) 

ETctg  =  exposure  time  per  cartridge  (minutes/cartridge) 

EFctg  =  exposure  frequency  (cartridges/year) 

ED  =  exposure  duration  (years) 

525,600  =  unit  conversion  (minutes/year) 

AT  =  averaging  time  (years) 

(carcinogenic  endpoint:  AT  =  70  years 
noncarcinogenic  endpoint:  AT  =  ED) 
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Example  4 

Sample  Calculation  Using  Equation  4: 


'  chronic{TSP) 


_(1.565E-06)(10^)(3.333)(15,488)(30) 

(525,600)(30) 


=  1.54E-01  pg/m® 

The  average  modeled  concentration  for  one  cartridge  (CONC)  was  obtained 
from  Appendix  B.  The  exposure  parameters  were  obtained  from  Table  5. 


Unlike  the  chronic  assessment,  only  limited  guidance  for  evaluating  acute 
exposures  is  currently  available.  Since  many  cartridges  may  be  fired  in  a  short  period 
of  time,  acute  exposures  cannot  be  overlooked.  For  the  purpose  of  this  assessment, 
acute  exposure  is  defined  as  a  1-hour  or  15-mlnute  exposure.  The  1-hour  or  15-minute 
acute  exposure  averaging  times  allow  for  comparison  with  guidelines  developed 
specifically  for  emergency  planning  purposes  (refer  to  the  discussion  on  acute  toxicity 
below). 

The  exposure  frequency  is  based  on  the  number  of  cartridges  used  per  1-hour  or 
1 5  minutes  depending  on  the  guideline  used  for  comparison.  This  information  is  based 
on  the  use  scenario  provided  in  Table  4.  To  estimate  air  concentrations  for  potential 
acute  health  effects,  it  was  conservatively  assumed  that  160  M918s  or  144  I\/I781s  are 
fired  in  1-  hour.  The  average  acute  concentrations  were  computed  using  Equation  5. 
Example  5  contains  a  sample  calculation  of  this  equation  using  the  M918.  Since  TSP 
does  not  have  an  ATV,  hydrogen  chloride  (HCI)  is  used  as  the  example  substance. 


C 

acute 


CONC  \0^  -ET^^-EF^^ 
60 


Equation  5 


Where: 

Cacute  =  average  acute  concentration  (pg/m^) 

CONC  =  average  modeled  concentration  for  one  cartridge  (g/m^) 
10®  =  unit  conversion  (pg/g) 

ETctg  =  exposure  time  per  cartridge  (minutes/cartridge) 

EFctg  =  exposure  frequency  (cartridges/hour)* 

60  =  unit  conversion  (minutes/hour) 

*  Based  on  1-  hour  or  15  minute  (0.25  hour)  acute  toxicity  value 
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Example  6 

Sample  Calculation  Using  Equation  6: 

^  _(2.411£-08)(10®)(3.333)(160) 

^acute(Ha) - 

=  2.14E-01  pg/m^ 

The  average  modeled  concentration  for  one  cartridge  (CONC)  for  HCI  for  the 
M918  was  obtained  from  Appendix  B.  See  Appendix  C  to  determine  the  acute 
toxicity  value  used. 


6.3  TOXICITY  ASSESSMENT 

The  potential  for  health  effects  was  determined  by  comparing  time-averaged  air 
concentrations  to  HBSLs  and  ATVs,  which  are  developed  from  a  substance’s  known 
toxicity.  These  toxicity  values  typically  include  different  levels  of  safety  factors 
depending  on  the  level  of  confidence  of  the  critical  study.  Appendix  C  contains  a  table 
of  screening  toxicity  values  used  for  the  chronic  and  acute  assessments. 

6.3.1  CHRONIC  ASSESSMENT 

The  chronic  assessment  was  conducted  using  a  screening  approach.  Using 
this  method,  a  substance’s  estimated  time-averaged  air  concentration  was  compared  to 
Its  HBSL  by  using  the  ratio  of  the  HBSL  to  the  estimated  concentration.  If  this  ratio  was 
less  than  one,  no  further  analysis  was  needed.  This  approach  is  conservative  because 
the  exposure  assumptions  used  by  the  ERA,  to  establish  HBSLs,  assume  that  the 
resident  is  exposed  for  350  days  per  year  (assuming  2  weeks  vacation  per  year).  In 
contrast,  exposure  to  air  emissions  from  actual  training  activities  at  a  firing  range  is 
intermittent  and  is  not  likely  to  occur  on  a  dally  basis  year  round. 

A  hierarchy  of  sources  was  developed  for  selection  of  the  HBSLs  to 
quantitatively  evaluate  as  many  of  the  identified  substances  as  possible.  The  hierarchy 
of  sources  used  was  as  follows: 

>  Clean  Air  Act,  ERA  National  Ambient  Air  Quality  Standards  (NAAQS) 
(Reference  13) 

>  ERA  Region  9  Rreliminary  Remediation  Goals  (RRGs)  (Reference  11) 

>  ERA  Region  3  Risk-Based  Concentrations  (RBCs)  (Reference  10) 

Some  substances  have  neither  RRGs  nor  RBCs  because  they  have  their 
own  set  of  regulatory  standards.  Under  the  Clean  Air  Act,  the  ERA  is  required  to 
establish  NAAQS  for  several  substances  considered  harmful  to  public  health  and  the 
environment.  Currently,  NAAQS  are  available  for  seven  substances.  The  NAAQS  for 
the  longer  averaging  time  were  used  for  the  chronic  assessment.  Depending  on  the 
substance,  this  can  range  from  an  8-hour  average  to  an  annual  average.  In  addition. 
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since  the  majority  of  the  measured  TSP  was  PMio  (particulate  matter  under  10  microns 
in  size)  (Reference  4),  the  NAAQS  for  PMio  was  used  to  evaluate  the  potential  for 
health  effects  from  exposure  to  TSP. 

Next  on  the  hierarchy,  after  the  NAAQS,  are  the  EPA  Region  9  PRGs  and 
the  EPA  Region  3  RBCs.  Since  the  methodology  used  by  EPA  Region  9  to  develop  the 
PRGs  generally  results  In  lower  values  than  the  EPA  Region  3  RBCs,  the  PRGs  were 
first  on  the  hierarchy  of  sources.  RBCs  were  used  when  a  PRG  was  not  available.  The 
only  exception  was  for  chromium  (VI)  [Cr  (VI)]  where  Region  9  used  a  carcinogenic 
toxicity  value  that  was  seven  times  greater  than  EPA’s  recommended  value  (Reference 
12)  to  develop  its  screening  level  for  inhalation  exposure.  Since  the  EPA  does  not 
advocate  the  application  of  this  multiplication  factor,  the  RBC  for  Cr  (VI)  was  used 
instead  of  the  PRG.  To  ensure  that  the  most  recent  Information  was  used,  the  Internet 
sites  of  both  EPA  Regions  were  checked.  The  HBSLs  used  for  this  assessment  are 
presented  in  Appendix  C. 

Although  the  general  approach  used  by  both  EPA  Region  3  and  Region  9  is 
the  same,  the  exposure  assumptions  differ  enough  so  that  final  recommended  values 
can  vary  to  a  certain  degree.  In  both  methods,  a  substance’s  screening  concentration 
was  selected  using  the  toxicity  endpoint  that  derives  a  lower  concentration.  For 
example,  if  a  substance  has  a  known  systemic  toxicity  and  is  a  carcinogen,  the 
screening  concentration  was  calculated  using  both  toxicity  values.  To  maintain  a 
conservative  approach,  EPA  then  selected  the  lower  screening  concentration  as  the 
recommended  PRG  or  RBC. 

Example  6  shows  a  sample  calculation  of  how  a  substance’s  estimated 
chronic  concentration  was  compared  to  its  HBSL  using  the  TSP  concentration  for  the 
M781. 


Example  6 

Sample  Calculation  Comparing  a  Substance’s  Estimated  Chronic 
Concentration  to  Its  HBSL: 

Cchronic{TSP)  _  1.54E-01 
HBSL  ~  5  ME +  01 

=  3.08E-03  <1 

In  this  case,  the  resulting  ratio  is  less  than  one,  indicating  further  evaluation  is 
not  necessary. 


Many  petroleum  hydrocarbons  were  detected  but  do  not  have  specific 
screening  levels.  Therefore,  the  approach  recommended  by  the  Total  Petroleum 
Hydrocarbon  Criteria  Working  Group  (Reference  14)  was  adopted  to  evaluate 
petroleum  hydrocarbon  mixtures.  Based  on  the  working  group’s  assessment  of  various 
hydrocarbons,  it  was  recommended  that  mixtures  be  separated  according  to  a 
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substance’s  number  of  carbons  and  its  chemical  class  (i.e.,  aliphatic  or  aromatic^). 
Generally,  as  a  substance’s  carbon  number  increases,  its  molecular  weight  increases, 
and  it  is,  therefore,  not  a  substance  of  concern  via  inhalation.  The  working  group  also 
concluded  that  aromatic  hydrocarbons  tend  to  be  more  toxic  than  aliphatic 
hydrocarbons  (Reference  14).  Table  6  presents  the  inhalation  toxicity  values  used  to 
evaluate  exposure  to  petroleum  mixtures.  To  be  consistent  with  the  methodology  used 
in  this  assessment,  the  reference  concentrations  (RfCs)  were  converted  to  PRGs  using 
Region  9  exposure  assumptions.  The  resulting  PRGs  were  used  as  the  HBSLs  for  the 
petroleum  hydrocarbons  In  this  assessment.  These  values  are  presented  in  Appendix 


TABLE  6:  SUMMARY  OF  RfCs  USED  FOR  PETROLEUM  HYDROCARBONS^ 


Carbon  Range 


Cs-Ce 
C>$  —  Cs 


Aromatic  Inhalation 
RfC  (mg/m^) 


Aliphatic  Inhalation 
RfC  (mg/m^) 


C>7  —  Cs 


C>8  —  Cio 
C>10  —  Ci2 
C>12  —  Ci6 


C>16  —  C21 
C>21  —  C35 


0.2 


NA 


1.0 


NA 


Reference  15 

NA  =  not  applicable  for  high  molecular  weight  TPHs  (C>i6)  because  substances  in  this  carbon  range 
are  not  volatile  and  therefore,  inhalation  is  not  a  pathway  of  concern. _ 


6.3.2  ACUTE  ASSESSMENT 

An  established  method  for  assessing  acute  health  effects  Is  not  currently 
available.  In  1995  the  EPA  recognized  the  need  for  acute  exposure  guidelines  for 
emergency  response  purposes  and  created  the  National  Advisory  Committee  for  Acute 
Exposure  Guideline  Levels  (AEGLs)  for  Hazardous  Substances.  Currently,  AEGLs  are 
available  for  only  a  few  substances. 

To  overcome  the  absence  of  acute  toxicity  data  for  the  purposes  of  human 
health  risk  assessment,  several  state  regulatory  agencies  have  suggested  that 
guidelines  developed  for  emergency  purposes  be  used  in  the  interim.  Although 
suggestions  have  been  made  to  use  occupational  exposure  limits  (OELs)  by  applying 
additional  safety  factors  (References  16, 17),  OELs  were  not  used  in  this  assessment 
because  they  introduce  even  more  uncertainty  than  the  use  of  emergency  guidelines. 
The  OELs  are  designed  to  protect  the  workplace  environment  and  assume  8  hours  a 


Aliphatic  hydrocarbons  are  hydrocarbons  in  which  the  carbon  atoms  are  joined  by  single  covalent  bonds 
consisting  of  two  shared  electrons  (e.g.,  butane).  Aromatic  hydrocarbons  have  ring  structures  (e  a 
benzene)  (Reference  1 5). 
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day,  5  days  a  week  exposures.  By  definition,  these  exposures  are  more  chronic  than 
acute. 


In  comparison,  emergency  planning  guidelines  are  more  appropriate 
because  they  are  typically  developed  for  exposures  of  1-hour  or  less.  In  addition,  safety 
factors  are  included  as  part  of  the  guideline  development  so  that  the  values  would  be 
protective  of  the  general  population. 

Emergency  Response  Planning  Guidelines  (ERPGs)  published  by  the 
American  Industrial  Hygiene  Association  (AIHA)  (Reference  18)  and  the  Temporary 
Emergency  Exposure  Limits  (TEELs)  developed  by  the  U.S.  Department  of  Energy 
(DOE)  (Reference  19)  were  used  for  this  assessment,  specifically  the  ERPG-ls  and  the 
TEEL-1  s.  Since  TEEL-1  s  are  intended  for  exposures  up  to  15-minutes,  air 
concentrations  compared  to  TEELs  were  averaged  over  a  15-mlnute  period.  Air 
concentrations  compared  to  ERPGs  and  AEGLs  were  averaged  over  1-hour,  as  these 
values  are  intended  for  1-hour  exposures. 

For  this  study,  the  hierarchy  of  sources  for  ATV  selection  was  as  follows  with 
each  ATV  defined  below: 

>  EPA  AEGL-1 .  “AEGL-1  is  the  airborne  concentration  of  a  substance 
above  which  it  is  predicted  that  the  general  population,  including 
susceptible  individuals,  could  experience  notable  discomfort,  irritation,  or 
certain  asymptomatic,  nonsensory  effects.  However,  the  effects  are  not 
disabling  and  are  transient  and  reversible  upon  cessation  of  exposure.” 

>  AIHA  ERPG-1 .  “The  maximum  concentration  in  air  below  which  it  is 
believed  nearly  all  individuals  could  be  exposed  for  up  to  1-  hour  without 
experiencing  other  than  mild  transient  adverse  health  effects  or 
perceiving  a  clearly  defined  objectionable  odor.” 

>  DOE  TEEL-1 .  “The  maximum  concentration  In  air  below  which  it  is 
believed  nearly  all  individuals  could  be  exposed  without  experiencing 
other  than  mild  transient  adverse  health  effects  or  perceiving  a  clearly 
defined  objectionable  odor.” 

AEGLs  were  used  first  when  available  since  they  are  developed  specifically 
for  the  purpose  of  acute  exposure  assessments.  The  ERPGs  were  selected  next,  prior 
to  a  substance’s  TEEL,  because  they  are  vigorously  reviewed  before  they  are  published 
whereas  the  TEELs  are  not. 

Example  7  shows  a  sample  calculation  of  how  a  substance’s  estimated  acute 
concentration  was  compared  to  its  ATV. 
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Example  7 

Sample  Calculation  of  Comparing  a  Substance’s  Estimated  Acute 
Concentration  to  Its  Acute  Toxicity  Value: 

Cacule(Ha)  _  2.14E-01 
ATV  ~4.50£  +  03 

=  4.76E-05  <1 

In  this  example  with  HCI  from  the  M918,  the  ratio  is  less  than  one,  indicating 
that  further  analysis  is  not  necessary. 


7.  RISK  CHARACTERIZATION 

As  previously  described,  the  exposure  assessment  included  calculations  of  time- 
averaged  concentrations  for  both  long-term  (chronic)  and  short-term  (acute) 
exposures.  Using  a  screening  approach,  a  substance’s  estimated  time-averaged  air 
concentration  was  then  compared  to  chronic  HBSLs  or  ATVs.  The  comparison  was 
made  using  the  ratio  of  the  HBSL  or  ATV  to  the  estimated  concentration.  This 
approach  is  conservative  because  the  exposure  assumptions  used  by  the  ERA,  to 
establish  HBSLs  and  ATVs,  are  likely  to  overestimate  the  exposures  experienced  by 
offsite  residents  living  near  training  areas. 

If  this  ratio  was  less  than  one,  no  further  evaluation  was  needed.  If  the  chronic  or 
acute  averaged  concentrations  (Cchronic  and  Cacute)  were  greater  than  the  screening 
levels,  resulting  in  a  ratio  greater  than  one,  further  evaluation  would  be  warranted  to 
determine  the  potential  for  health  effects.  Note  that  concentrations  greater  than  the 
screening  levels  do  not  Indicate  an  onset  of  health  effects,  but  rather,  the  potential  for 
such. 

The  chronic  and  acute  assessments  were  conducted  as  outlined  in  Section  6.3. 
Appendix  D  presents  results  from  the  M918  and  M781  risk  characterization. 

7.1  CHRONIC  HEALTH  RISK 

The  outcome  of  the  chronic  assessment  indicated  that  no  chronic  health  effects 
are  expected  from  breathing  the  air  emissions  from  the  M91 8  or  the  M781 .  Since  the 
ratios  for  all  substances  were  below  one,  further  evaluation  was  not  needed. 

7.2  ACUTE  HEALTH  RISK 

For  the  acute  assessment,  all  ratios  were  below  one,  indicating  that  no  acute 
health  effects  are  expected  from  breathing  the  air  emissions  from  the  M918  or  the 
M781.  The  ratios  for  all  substances  were  less  than  one,  indicating  further  analysis  was 
not  necessary. 
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7.3  FACT  SHEETS 

Appendix  E  includes  a  copy  of  the  fact  sheets  submitted  to  the  AEC.  The  fact 
sheets  used  results  from  this  assessment  to  address  health  concerns  related  to 
inhalation  of  M918  and  the  M781  air  emissions. 

8.  UNCERTAINTY  DISCUSSION 

The  limitations  inherent  in  modeling  and  the  added  conservatism  of  the  assessment 
contribute  to  the  uncertainty  of  the  assessment  results.  The  risk  assessment 
methodology  typically  includes  safety  factors  that  are  embedded  in  the  toxicity  data 
to  ensure  adequate  protection  of  the  general  population,  particularly,  susceptible 
individuals  such  as  the  sick,  elderly,  and  children.  Table  7  identifies  areas  of 
uncertainty  associated  with  this  assessment. 
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TABLE  7:  TYPES  OF  UNCERTAINTY 


I 

issue 

Uncertainty 

Direction  of 
Effect 

I  Modeling 

I 

Modeled  versus  real¬ 
time  sampling 

The  air  concentrations  in  this  assessment 
were  modeled.  Actual  air  concentrations 
taken  from  the  field  may  be  higher  or 
lower. 

Varies 

Frequency  of  use  for 
the  M918  and  the 

M781 

Actual  frequency  of  use  for  these 
munitions  during  training  exercises  may 
be  different  from  those  stated  in  this 
report. 

Varies 

Hypothetical  resident 
assumed  to  be  located 
directly  downwind 

Unless  the  area  around  the  training 
facility  Is  populated,  the  chances  that  a 
person  living  directly  downwind  is  low. 

Overestimates 

Use  of  worst-case 

meteorological 

conditions 

To  ensure  that  this  assessment  is 
applicable  to  most  training  areas,  worst- 
case  meteorological  conditions  were 
used  in  the  air  model. 

Overestimates 

Exposure  Assessment 

Estimating  time- 

averaged 

concentrations 

Actual  exposure  from  the  M918  or  the 
M781  Is  intermittent.  If  one  were  to  plot  a 
person’s  exposure  profile,  the  plot  would 
consist  of  a  series  of  spikes.  Since 
current  risk  assessment  methodology 
does  not  allow  the  evaluation  of  the 
potential  for  health  risks  as  a  function  of 
time,  a  single  concentration,  averaged 
over  the  exposure  duration  was  used.  In 
this  assessment,  the  exposure  durations 
used  were  30  years  and  1-hour  or  15 
minutes. 

Varies 

Chromium  speciation 

All  chromium  was  assumed  to  be  present 
as  Cr(VI),  which  is  more  toxic  than  Cr(lll). 

Overestimates 

Comparing  estimated 
concentration  to 
established  screening 
levels 

The  Region  3  and  Region  9  HBSLs  were 
developed  using  different  exposure 
assumptions  than  those  in  this 
assessment,  resulting  in  more 
conservative  screening  levels. 

Overestimates 

Comparing  estimated 
concentrations  to 
established  screening 
levels 

Comparison  to  screening  levels  does  not 
account  for  possible  cumulative  effects  of 
exposure  to  more  than  one  substance. 

Underestimates 
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TABLE  7:  TYPES  OF  UNCERTAINTY 


Issue 

Uncertainty 

Direction  of 
Effect 

Screening  assessment 
versus  calculating  an 
average  daily  intake 

Calculating  an  average  daily  intake 
allows  the  use  of  scenario-specific 
assumptions.  However,  unless  the  ratio 
of  concentration  to  screening  level 
approaches  one,  a  screening  assessment 
is  useful  as  a  first-cut  evaluation. 

Varies 

Exposure  to  other 
munitions 

Other  munitions  are  typically  used  during 
the  same  training  exercise.  These  items 
may  contain  similar  or  different 
substances  from  those  detected  In  the 
M918orthe  M781. 

Underestimates 

j  Toxicity  Assessment 

Lack  of  toxicity  data 

Some  substances  were  not  quantitatively 
evaluated  because  they  have  no  known 
toxicity  data. 

Underestimates 

Modifying  and 
uncertainty  factors  for 
toxicity  data 

Modifying  factors  and  uncertainty  factors 
of  varying  degree  are  typically  applied  to 
toxicological  values.  These  factors  are 
used  to  conservatively  account  for 
extrapolating  from  animal  studies  for 
human  health  assessment,  and  to 
conservatively  account  for  variation  in 
human  populations. 

Overestimates 
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9.  CONCLUSION 

Using  conservative  assumptions,  the  assessment  indicated  that  offsite  residents  who 
live  as  close  as  100  meters  directly  downwind  from  training  areas  are  safe  from 
breathing  air  emissions  from  the  M91 8  or  the  M781 .  It  is  believed  that  the  assumptions 
contained  in  this  analysis  are  conservative  enough  to  be  protective  of  all  the  population 
including  the  sick,  elderly,  and  children. 

10.  RECOMMENDATIONS 

The  results  from  this  assessment  are  intended  for  a  hypothetical  training  facility,  and 
actual  results  may  vary  depending  on  site-specific  conditions.  This  study  used 
conservative  assumptions  (e.g.,  worst-case  meteorological  conditions,  receptor  located 
directly  downwind,  etc.)  and  it  is  believed  that  most  site-specific  analyses  would  result  in 
even  lower  concentrations.  Therefore,  the  results  from  this  assessment  should  be 
applicable  to  most  training  facilities,  unless  site-specific  conditions  vary  significantly. 

11.  POINT  OF  CONTACT 

Questions  about  this  report  may  be  directed  to  Ms.  Joleen  Mobley  at  (800)  222-9698 
(ext  2953)  or  (410)  436-2953. 
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APPENDIX  B 

AIR  DISPERSION  MODELING  OUTPUT  DATA 
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Table  B-2:  Air  Modeling  Output  Data  for  Volatile  Organic  Compounds  - 100  meter  location 
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E  ^  -o'  ^ 
lu  O  ®  q: 

■p  •-  'S.  LLI 

I  £  -2 

5  CP 
CL  QC 


CD  h- 
O  O 

UJ  Q  UJ 
h-  Z  C3> 

o> 

T-' 


CD  r^io  r^iDioiDio 

o  oo  ooooo 

UjQQQUJLljQQOLIJLLJQtjjliJLlJOQQQ 

CO  0>CD 

CD  CT>  O)  CO  CO 


T> 

L_ 

05 

05 

c 

■D 

O 

2 

05 

o  E 

CO  2r: 

V— 

C5 

^  o 

w  Z 

E  O 

05 

CO 

CD  O 

E  O 

05 

O 

c 

> 

o 

< 

o 

-f-OO  OOO  OO  OOO 

T-T-r-  •'“'O  OOO 

QLULULJLiOQQUJUjCIiQQLlJLLjQLJJIJJLIjOQQQ 

Zr-oinz:zZ'^oo222:coT-2oi^cNJ2:222 
COCOCNJ  T-IO  ^CO  h-COC3> 


mm 


CD  CD  CD  CD  CO  to 

O  O  O  O  Cp  P  P 

DUJUJLJjQQQUJLLjOQQujujCi 

zooio22:z:oco22:z^toz 
cN  to  o  P  CO 


lo  in 
cp  cp 

UJ  LU  Q  Q  Q  Q 
CD  CD  z  2  z  z: 


■O 

L. 

05 

o 

CO 

o 

3 

CO 

=o 

LL 

E 

< 

c 

05 

o 

05 

'w 

CO 

CO 

O 

£ 

> 

< 

LU 

Oi  c7>oo  of^  or^ 

O  OOO  oo  oo  OOO 

luQujllilljQQQujlijQQQlljluQujlljlijOQCJQ 
i^-Z’^'«-r^ZZZooioZZZO)T-zcDO>coZZZZ 
CDICO  OCM  OilO  lOr-CO 


2  1 1i 


CNJ  CO  colco 

9  9  9 

UJ  lU  LU 
TT  CO  a> 
CO  CO  CO 

T-^  05  CO  C3i 


COCOCMCOt- 

cp  cp  CD  cp  CD 

LU  LU  LU  UJ  LU 

T-  CO  CD  CO  CD 

00  T-  ID  T-  ID 


CO  CO  CM  CM  S  CM 

cp  cp  O  CD  O  cp 

Ljj  UJ  LU  LU  LU  Ljj 

05  T~  05  OO  CD  05 

O  Ip  -f-  CD  S  'T 


T-  CO  CO 

9  9  9 

LU  LU  LU 

CM  CD  ▼“ 
O  CJ5  CD 
CO 


ill 


O  05 

C  05  <D  c 
CO  -o  C  CO 
^  w  9  £ 
05  O  Hd  05 

loll 
®  I 

S  c  CO  2 

O  >  -^  (D 


05  “O  ^ 

JZ  W  05 

o  CO  ^ 

~  T—  o  lj  fc- 


O  05  <p 

TJ  O  ^ 

05  *c  “o  i- 

C  O  2  ^  LU 

5>  ;c  o  x:  — 

S"  o  ^  o  ^ 

£  05  ^  c  J:  <P 

O  -r-  ^  ^  ^  r- 


gO’oJ.y  r-'^O  O 

:f-c:'oQ  o-C-Q°x:xCQ*>. 


CD  O  Q  f-  < 


1  o£.ci-2.c:£m-^w£  CO 

-®®cBo9®'Eoro®® 
u_^o<co^ii<i:±=^x 


Vinyl  Acetate  3.52E-03  1.06E-02  ND  ND  .  ND  ND 

cis-1 ,2-Dichloroethene _ 3.96E-03 _ 1.19E-02 _ ND _  ND  ND  ND 

2-Butanone _ 4.42E-03 _ 8.85E-03  8.08E-Q9  ~  3.67E-06  3.00E-10  ^  ,83E-06 

Ethyl  Acetate _  3.60E-03  1.08E-02  ND  ND  ND  ND 


2-methylnaphthatene _ 2:355E-03 _ 1.694E-04 

hexachlorocyclopentadiene _ 2.355E-03 _ 5.605E-05 

2.4.6-trlchlorophenol _ 2.355E>03  5.605E-05 


§  E 

•§  £ 

(D  — 

'E  ^  ^ 
c  c  o  ^ 

UJ  O  ®  (T 

-Si  LU 


CD  CD  CD  CD 

CD  O  Cp  Cp 

LLi  UJ  UJ  UJ  Q 


05  O 

2  O  O 

S  i 

<  o 


^  a?  c 

^  eo  Cl> 

05  c_> 

®  c 


c 

CD 

E 

D 

o 

CL 

i— 

«*— 

D 

i/i 

O 

c/5 

CL 

T> 

i  2 

u. 

(/> 

CD 

D 

3 

S 

E 

iS 

UJ 

o 

H 

CD  00  h-*  r-  CD  CvJ 
m  CM  O  ID  CO  <35 


CD  105  OO  0> 
CD  CD  Cp 

UJ  UJ  UJ 
CDICD  ID 
ID  |0  CD  iD 

CM  cm'  '»-*  CM 


CD  CD 

Cp  Cp 

LUQujClQQQCiQQ 

coZcoZZZZZZZ 

00  O 


ID  ID  -M”  ID  CD  ID 

Cp  Cp  Cp  Cp  Cp  O 

UJ  LU  UJ  LU  UJ  UJ 

CO  CD  T-  ^  00 

't-  ID  O  N- 


CO  GO  loo  loo 
o  o  o  o 


LU  UJ  UJ  UJ  Q  UJ  Q  Q  Q  UJ  UJ  Q  Ijj  Q  Q  Q  Q  Q  Q  Q 

S  3;  ^  o  z  z  z  ^  h-  2:  o>  Z  z  z  z  z  2  z 

O  CD  0>  CO  ^ 


Z  o>  ^ 
CO  O 


00  OO  r«*-  OO  00  00 

cp  CD  cp  cp  cp  CD 

UJ  LU  UJ  UJ  LU  UJ 

C3>  'd*  CM  ^  CO 

OO  CD  <35  CD 

CD 


COCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCM 

CpCpCpCpCpCpCpCpCpCDCDCpCpCpCpCDCD 

UJLULULULULULIJIJJLIJLIJLULIJUJLIJLIJLLILU 

■^i^'M'oooi^cDT-cor^r^iDh-ootDO 

CO-^-r^CMr-’^OCOCD'^Tr'^M'OOOOIDCO 


Q  Q  Q  Q  Q  Q 


CMCMCMCMCM'^COCOCOCOCOCOCOCOCOCOCOCO 

OCpCpOCpCDOCpOCpCDCpCpCDCpCDCDCp 

LULLJLIJLUlJJUJLIJLJJUJLlJLlJlULUUJLiJLJLJlJJLlJ 

CM'r-’t~COCOCOr*^COCMlD'v~COCM^T—  CO^OO 
lDa>CpCMpoqoqpT};C3>CMOq<35pOt-;OCp 
▼-^cr>CM’r-‘’r^05CDcdcDCMCM'^^*cbcD 


CM  CM  CM  T-  CM  CM  CM 

p  p  p  O  p  p  p 

UJ-S^LUUJUJUJujLLJ 

r-.^h-oococor^iD 

pUt^^pTri^'T-T- 
I—  CO  CO  CM  ' 


o 

o  ®  c 

(D  ^  C  O  ^  ^ 

^  X  ^  o  i 

LU  E  6  ^  CD  o 


d  05  O 

C  <D  <2? 

"So.  C  S  C 

°  I  ^ 

I  2  i  ®  >>^2 1- 
5  I  S  I  f  I'f 
«  ^  i  I  .i  ®  .i 

D  p  ‘C  o  ^  ^  C  , 

E<Nl7  o  >>It 

E  E  £  5  I 

§  'T-”  cnT  o  P  CO*  ^  cm’  I 

O  r-  T—  ^fr—  <C  T— 


*0  05 

03  C 
CO 

II  s 

—  Too 

>.  E  3 

03  l~ 

.s  s  ^ 

I  ®  g 

o  x: 
0  2  9 
>  CL 


'E' 

g 

c' 

ro 

,g 

E 

a 

E 

c 

o 

c 

c 

•s— 

o 

05 

D 

"D 

' — ' 

D 

JZ 

C 

Q> 

o 

*D 

D 

ro 

X5 

O 

o 

<0 

< 

o 


a>  ^ 

T3  ^  n 
C  O  C 

^  o  C 


--“•V 

o 

CO 

•D 

c 

c: 

o 

3 

c 

o 

CD 

o 

o 

3 

T3 

”co 

05 

£ 

d 

CO 

CD 

X 

CD 

CJ 

CD 

£ 

(D 

O 

o 

E 

3 

®  ^ 

c  ^  3  o 

{0  LL  o  fl> 

«>  £  -ie 

^  .2  <D  05 

3  «  c 

W  W  O 


TD  o  c:  %« 
O  3  t 

2  5  B  v> 

®  ^  ^  ^ 
CD  ©  ®  2 

2  o  g  o 
§  o  ^ 

<  O 


■§  £ 

w  -g  £ 

•5  ^  « 

«  £  E 

eft  LU  » 

i  3 


Tj-Tj-fO-^rf 

O  O  O  O  O 

ILl  UJ  LU  LU  LU 

W  h-  to  CO 

CM  h-  N.  0>  05 

''4-  CO  CNJ  CM  to 

Tf  -r-  o6 


UJ  UJ  LU 
(M  CO  ^ 
to  CM 
CM  CM  0> 


a)|o>|c7)|(x:>loolh-]co{o 
o  p  p  o  p  p  p  H- 


2  §  ? 


LU  LU  UJ  UJ 

CM  lolco 


UJ  UJ  LU  LUllU  UJ  UJ  UJ  Q  lUjUJ  LU  Q 


tOCO'^lOCJJCOOlCM 

t-t-TT^COCOO)'^ 

cMh-tocDtO'»~r«-o 


^  o 

CO  CM  CO 

o  CM 


illllllll 


LU  UJ  UJ  LU  ILU 
CO  C3>  C3>  T—  |r>» 
0>COOOt-It-- 

o  p  p  p  [to 
coIcmIcmIcO  tT  CD 


Hill 


CO’^M'COTfCOCO^’^'3‘^’^COIOCO 

ooooooooooooooo 

LULULUUJLLiLULUlULULUUJUJLiJUJLU 

CDCOM'OlOOCMCOCOh-'^COOCOt- 

Tj--^U>lOO)'f-a)0€7>'^COC35CO’«-’*- 

h-COh-lOtOh-COiOTTp'^pPPr^ 

CMCMCcJcMCMr-^^CMCMfOtdcd'r^lOCO 


c  ^ 

-=  it  CO 
^  ^ 

UJ  I  O 

^  z  a 

O)  (JJ  QJ 
o  ^  *3 

<:  I  c 

<t>  ^  Jid 

>  nj 

*««  <l> 


CO  o  O 
3  CO  S 
■O-ti-  lu 
<  =  2 
CD  .2  XJ 
o>  to  =- 
CO  CO 

I  £  - 

>UJ 


2 

3  :ce  ^ 

•p  £ 

<  c  B  ^ 

q>  ^  UJ 
<3  «»  £ 

«>  £ 


^  O 

^  c:  ^ 

o  3  CO  « 

3  2  £ 

S  5*  s  !> 

CD  o  2  ^ 
“o 


coh-t^(Dr^cDCDr^r^r^r«-r^cDcocD 

C300000000000000 

UJLLilUUJLJJLUllJLULLJUJLlJLULJJLlJULJ 
COT-Tj-Tj-^tf50OCMPCDCMCOtDCD^ 
^T-coT->^iooocor^ooto^c35r^cj> 
ooo>co^-r'-r-;CMppppppr^'^ 
CO^  ’t^CMCOiOt-^CO 


llllllllll 


CO  N-  CO  CD 

o  o  o  o  o 

lU  LU  LU  LU  UJ 

tJ-C^^OCMt- 

to  CD  CO  CM  CM 

o  CM  c3)  p  r- 


p  p  p  p  p 

O  O  O  CD  CD 

LU  LU  LJJ  LU  LU 

p^cMPr- 
CM  ^  O  CM  P 

CO  P  P  ^ 


ior-h*r^pppt^p 

OOOOOOCDCOCO 

LULULULULUIULULLIUJ 
pppCMpr^pp^ 
h-x-OiPCDv-O^PP 
OPMT'^'r-pppx- 
OO  T—  T—  CO 


(ON-t^r^pph-PN* 

OOCDCDCDCpCDCDCD 

LULUUJUJLiJLULLJUJLL] 
POPOPOOPP 
OPh-CMCMPPOO 
ppPCMPpPP-^, 
CD  CO  CM  05  od 


pTtTfPPPP^^P^ 

OOOOOCpCDCpCDCDCD 

UJLULULULULULUUJUJujLLJ 
PCMP^OPPOPP05 
h-P'^Oi-CMPPCMOP 
0'«-pppo>r«-pp  P}^ 
*  od  •  -  - . 


005CDC35  CJ>r^f^OOOOOO 

’^oocdocdoy^t^-7'7^ 
LULULULU  LUUJlUUiLULUUJlUlU 
0-^05  CMPI^OOO  -o  POP 

PP05PP'^^PC0P05PO 
•  -  -  ■  —  '  p 


^  o  c:  CO 

^  ro  ®  <0 

05  ^  ^  O 

C  O  -Si  05  r- 


P  CD  c  ^  -it:  CD 

i  I  S  «  S  S  S 

O  2  c  c^  c  c  c: 

3  CD  jo:  CD  CD  CD 

CO.  PI  o  P  P  P 


^  a 

-P  P  3  Q  UJ  X 

o  £  i  P 

^  N  X  p  ^ 

2  c  o  P  CO 

S  05  —  P  CM  CM 

“D  p  Q  CM  T- 


Q  Q  o 

O  O  CL  H 

XXX  o 
-V  4  p  o 

P  C35  h-  _  j-» 

p  p  Q  T 
P  h-  M"  Q  P 

p  ppflf^ 
rsj  rvi  rvi  ro 


LL  LL  LL 

Q  Q  Q 

o  o  o 

XXX 

XXX 

o6  p  {j> 
1^  r-  p 
M-  P 
p  p  p 
CM  CM  CM 


CD  ^ 

E  c  o  _ 


§  £  S 


■C3  ^ 

(D  -p 

^  C  - 

^  o  E 

O)  (1)  c 

2  O  O 

5  § 

<  O 


c 

<0 

3  E 
=  o 

O  ±i 

2:  S 

O  CL  =  • 
w  -o  E  ‘ 

55  CD  o> 


■o  u. 

3  o 
Tio  “o 

,P,  CO 

<  c  S 
®  .2 
0>  tfl  = 
TO  w  ^ 


P  3  CU  « 

=  2  r  -i 

1  “  §  e 

®  o  y  fc 

2  ®  o 

“  <5 


SSSSSSSSSSSSS 

muJiJJLuaiaJuiUJujt^^^i^ 

SSSoooooooooooocooocooo 


CO 

3 

C 

p 

3 

< 

3 

'V 

“O 

CD 

w 

C 

CD 

E 

'u> 

3 

O 

c/3 

c 

CD 

o 

<D 

O 

CM 

CM 

O 

O 

LIJ 

LU 

LUtjjLUtiLLJLLJLUUJlUji^ 


CMCMCNJCNlCNIOJC^CNJCNi 

OOOOOOCDOO 

UJiiiiJUJLUujujaJUJ 

SSScooDoqcqoqcq 


CMCMCNCNCsI^C^^ 
OOCDCIpOOCDCp 

UJUJUJLJJlJJLJJLULiJ 


o  o 
c  c 

(D  CD 
N  N 
—  c  c 
o  a>  (D 
c  ^  ^ 

CD  O  O 
Q.  O  O 
O  SI  sz 
^  O 

c  :c  ?  ^ 

^  P  CO 

CL  CNI 


S  o 
o  o 

s  ®  ^ 
.2  >.  V 

■p  tsi  ^ 

cH  S  ^ 


^  2_ 
o  «  9-  o 

s  ®  ?  ®  ® 
tilts 
ti  g  ti 

®  ®  .•=  2  o 

?  ®  9  ?  = 

(N  x:  c  c 


I  ^  §  = 

■7^  ^  CD  Q 


O  —  ® 

g  >,  O 
O  S  O 

S-  £  o 


3  Q-  *o 
£20 
o  o  < 


^  g  ic  o 

o  .i  9  o  o 

-p  -a  M 
■  C  T3-_  ^  <y 

<N  CN  IQ  CnT  □□ 


Q_  OJ 

-C  5  £  -s 
®  £  ^  2 
£  g-  o  o 

•  CO  p  -r 
CO  c  ^  x: 

I  —  o  o 

t—  f  XI  ±; 
o  o  ^ 
-==  CD  CO  CO 

V  ?  g  ‘ 

CN  x: 


Table  B-5:  Air  Modeling  Output  Data  for  Cyanide  and  Energetics  - 100  meter  location 


M3series_air_print.xls  B-9  1/12/01 


to  to  Hr 
o  o  o 


Q  UJ  Q  Ol  LU  LU 


CO  h-  h-  00  r-  CO 

o  o  o  o  o  o  o 

LU  UJ  UJ  LU  UJ  UJ  UJ 

r^csii^oJCMtor- 
CD  ^  r-  o  csf  to  to 


iinii 


CO  -  O 

■D  c  3 
CO'--' 


o  CL  E  , 
W  -D  2  ■ 

^  S  B 


^  <N 

S  A 

—  II 


g  CO  OT 

i£  to  <D 

o  CQ 
£  . .  o 
0.  a  Q. 

o  Q  g 

-S  i 


00  00  00  CD 

o  o  o  o 

O  UJ  Q  UJ  LU  LU 

2!  CM  2  05  CO  CD 

to  O  T- 


CO  05  O  O 
Cp  CD  r- 

UJ  LU  LU  LU 
CM  00  O  1^ 
CM  CM  lO  CM 
CM 


LU  LU  LU  UJ  LU 
CD  |f^  IcO  CD  |0 
CO  Ico  I  ^  I  CM 

CM  * 


■HBH 


^  o 

^  C  S 

05  3  CO 

3  £  ^  £ 


S  03  !>  2  Z 
®  o  o  E 

2  ®  g  ^ 
m  o 


Q  Q  Q  m  Q  Q 


o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 
UJLULUlUujLUUJUjLljLULUUJLUujuj 
r:S:^^^^cDioh-cMr^T-i^ioio 

00  CD  to  —  — 


r^iqcokDpoc3Troc)cpc3> 


^  ICM  ICD  ItO  to 


05  C3>  CD 
Cp  CD  O 

LU  LU  LU 

T-  00 

o  to 

CO 


Q  LU  Q  LU  LU  LU 


CM  CM  N- 
O  O  O 


to  to  o 
o  CO  r- 


CMCOM-^M-iOM- 
CD  CD  O  CD  CD  CD  O 

LU  LU  lU  LU  LU  LU  LU 

M-  C55  00  CO  o  o 


CM  n:  cq  Ki  to  55  iC  5 


IIIIH 


■■2  Q 

o  y. 

0^5  ®  f.  § 
t  Id 

ci>  ^  rr  CL  Q. 


0505^ 

C0^«'a5:fc^  ^305 

■OTCOiscDCDgroco  ^ 


OJ  XJ  JD 
C  O 

E  CO  CD 


*D  T  CO 


-C  c  C  l1  c 
Q.  0)  05  O  05 


^  .52  O  g  S 

O  -Q  I—  C  CD  (0 


05  ±:  O 

-5  ^  ^ 

Q-  CD  ^ 


S  c  S' 


E  E  ^  £  E 

>%  05  x:  05  0) 

a.  -D  o  JO  jd 


5  9  O  X 

JZ  u-  Q  LU  X 

a|  ^  R-  CO 

o^.oor- 

IMXCOI^'M- 
c  O  CO  CO 
05  ♦—  CO  CM  CM 
JD  Q  CM  T-  T- 


print_air.xls  B-12  10/25/00 


TABLE  B-2 


M781  {M203) 


Table  B-2:  Air  Modeling  Output  Data  for  the  Cartridge,  40-mm  Target  Practice,  M781  (M203) 

Cartridge,  40.mm  Target  Practice,  M781  ((VI203)  |  "  No.ofro'Zrinn 

— — - DODIC:  B519  _ _ _  release  duration  (t); 

- .  . Number  of  items  per  test  firing  =>  14 _  Unit  Concentration  (UC); 


■0 

k- 

05 

05 

*0 

0 

.9 

0 

E 

CO 

^  0 

to  2 

05 

f" 

05 

E  0 

05 

CO 

05 

0 

C 

0 

E  0 
3 

0 

> 

0 

< 

0 

u. 

S  o 
w  ^ 

<0  'P 
■6^  LL  £ 

<  c  B 
0)  .2  > 
05  to  ^ 
CO  CO 


"O 

c 

3 

3 

0 

tw 

CO 

O) 

CO 

CD 

0 

:e 

CO 

CD 

=  § 

<C  CO  CD 


®  ^05 

<0  V  T5 
fC  CO  ®  o 

O  X  .^  § 
’W.  2:  X  c 
C  ^  .9  o 

o  CD  Q  2 

g  §  §  g 
c  ^ 

o  E  CO  (0 
CL  <  O  O 


o  I  ^ 
E  ^  £ 
®  <D  I  ^ 

CO 


CO  ^ 

CO  - 

E  S  -tr  ^ 

■iio  Str 

(0  W 

^  C) 

o  ^ 

CL  ^ 


Q  Q  Q  Q  m 
Z  Z  2  2  O 
04 


T3 

v. 

(D 

CD 

C 

*o 

O 

o  £ 
<1? 

E 

O 

2  ~ 

'co 

z 

o 

£ 

o 

a> 

CO 

o 

CD 

o  O 

c 

> 

o 

< 

O 

1^ 

O 

Q  Q  Q  Q  LU 
Z  Z  Z  Z  r- 

CO 


o 

c 

3 

.2 

c 

2 

o 

3 

T3 

"cD 

1— 

O 

c 

CO 

CD 

CD 

o 

CD 

c 

a> 

o 

O 

*c 

ZD 

c 

(0 

3  E 

=5 

S:  fe  'g 

O  CL  E  . 

^  “D  2  ' 

S  ^  C5 


^3  0>  Z- 

o  T“  CO 
tc  in  <p 

5:  CD  r 


UJ  Q  Q  Q  Q  UJ 
CO  Z  Z  Z  Z 
o  CO 


CO  IcD  a>  <D 

o  o  o 

OJ  UJ  o  Q  Q  Q  UJ 

O  T-  Z  Z  2  Z  S 

T-  o 

CD 


cocO'«^'cr>cO'^cocO'^cocM 

OOCDCpOOOCDCDCpO 

UJLUUJLUUJLlJLLJUJlXlljjLLl 
Ta-Tj-iootoiri'^rr^-iOTj-r^ 
T—  t-IOUDIOIOt-CMIOt—  CNi 


CD 

3 

C 

o 

O 

< 

"cD 

<0 

■o 

u. 

£ 

2 

*C 

CD 

'o) 

3 

O 

CO 

c 

CD 

o 

CD 

o 

UJ  LU  ID  Q  Q  Q  Q  Q  Q  Q  Q  Q 
oiincoZZZZZZZZZ 


CM  CVJ  CNJ 

o  o  o 

LiJ  LD  LD 
CO  O  uo 
CM  00  1^ 


CMCMCMCNCMCMCMCM 

CDOOOOOOO 

UJLULUIJLILULULDLLI 
l^iO'^-OJCMCOOO 
QOOJCOIOIOOOt—  T— 


COCMxfCMS'^C^COTrcoO 

OOCpO^oOOOOO 

ujajujujLLjLUUjaJUJUJuj 

CMOOCMoCMCMlOOCMl^ 

T-'^—  tqio<^CMT--cMin‘r-|co 

T-^xj-cdioO^T— 


CMiCM  CMCMCMCMCMCMCMCMCMCM 

oooocpoooooo 

UJUJLLIUJLULLIUJLLJLLILDLU 
O'M'l^r^tOTi-CMCMCOOO 
’M^O)cocqo)coiniqcqT-T“ 
ioir)c\icMCM'^cocoa> 


c  E  —  ® 

E  §  CO  Q.  -o 

■o  ^  Q.  TO 

CO  ^  O  O 

o  o  a  o  ^ 


I  I 

c:  »*  *“ 

<y  ^  ^ 

Jii  >  CO 


^  a>  ^ 

^  <D  m 

^  ■O  o  O  ^  <D  ^ 

-n-E  >'>'®  >»CD*o 
3  >. 

2!Ea)®*co<i>o-c 
occ5-a-og-o^a> 
£.9  cToTo-^lo^  j9 

®q.O^NJ0^Q:C0 

o°23<DOcofca) 

<CLOcncni2>  oX 


•oil 
i  i  2 

«  o>  C 
CD  ^  <U 
©  *5  U 

^  m  o 


^  cocococococococo 
O  CpOOOOCpCDO 

•§  LLILLILIJljjlJLIlJJLUlX] 

O)  ^C3>m<D'c-C0’^T- 
£  lOO'^lOCMCOCDCM 


53  Sl53 

9  9  9  99999999P9Popoo 


ujIluIuj  uj  ujliu  ID  ujIuj 

O)  in  I  CO  hr-  r-  CD  CO  CD  I  CO 


© 

3 

c 

.2 

< 

*55 

*0 

w 

E 

E 

C 

(1) 

o> 

3 

o 

© 

c 

© 

o 

O 

O 

cococococococococo 

ooooooooo 

UJLUUJUJLJJIJJIIJUJLU 
^oincDLOoo-^'T-o 
mp'^inoococDCMCD 
*  CNJ  00  CO  CM* 


Luluj  LU  UJ  Ilf  LLI  LU  UJ 

CD|t-|t-  CM  CO  to  o 

cpj'^  CD  to  CJ>  0>  CD 

CO*  CO*  CO*  CM*  CO 


O  O  CD  O  O  O 

LLI  uj  UJ  LU  LU  UJ 

T-  T~  C3>  CO  O  CM 

CO  T-  CM  T-  CM  m 


ColcM  CO  CO 


COCOt-COCOCOCOCO 

oooooooo 

LUUJujujuJujLUuj 

CDt-IOI^CMCDCMO 

o>cD^C3>inc;>^cD 


c  ©  o 
CD  XJ  c 
£  'c:  o 

©  ^  TD 

E  -c  ro 


©  g 
<D  E  § 

g  ©  o  8 

^  c  S  3 

^  CD  M  o 

©  ^ 

r-  ^  O 


2  O  o  o  *55 
i  O  x:  -E  p 


o  CO  "0  ;5r  = 

o  ^  —  c  E 

-2  ?=;  c  o  o 

P  9  O  ^  -S 


^  O  r* 

©WO  ^  ^ 

C  O  ^  o  LU 

2  Z  o  x  -- 

9*  o  ^  o  ^ 

Q.  ®  i  9  m 
9  S  ■ 

O  =  o 


©  ©  ^  © 

§  S  -o  2  S 

—  I  ®  "o  jr  ‘  ^  ir 

^  c  <  OJ  ©  < 


2x.2-cb'^£^coS9®*^^©®  oS 
cDOoi-<^Lu2o<co:Ei2<Ss:r 


-r'l^  T  ^ 

r-  C  t^)  CD  X 
>  ‘o  CM  LU 


Cartridge,  40-mm  Target  Practice,  M781  (M203) _  No.  of  rounds  (I)  1  item 

_ DODIC:  B519 _ release  duration  (t): _ 2  seconds 

Number  of  items  per  test  firing  =>  14 _ Unit  Concentration  (UC): _ 2.03E-Q4  g/m^ 


CO  ^ 

CO  - 

'c  ^ 
c  c  o  ^ 

m  O  g  q: 

5  o 

CO  Cl  — ' 

3  o 
o  « 

CL 


<1>  c 
-g  o  E 
^  B 

>  CD 


E  S  O 

?  § 

<  o 


lO  |CD  |CD  hi- 
O  O  O  O 


CJ  Q  m  UJ  oi  li  Q  Q  Q  Q  Q  Q  Q  Q  Q  Q  UJ  m  Q  Q  Q  Q  Q  Q  Q  o  Q 


2  Z  P  53 


r-  o  CNJ  lO 
CN  U-^  Csi  'c-^ 


2  Z  z:  2  2:  Z  Z  Z 


Z  z  2  2  2  2  2  Z  2  2 


C  5  2 

CO  -o  2  ^ 
s  <p 


3  O 
"co  o 
.5,  CO  ^ 
*o  U-  C 

<  c  S 
©  .9  ^ 

0>  eo  :E 
<0  CO 

©  E 


r^  o>  05  CO  o> 

o  o  o  o  ?  9 

QQUJOJOJUJQOQQQQQQQQLJjmQQQQQQQQQ 
2ZOco^CMZ222222222t:i:2:22222222 
CM  lo  r--  h*  *9 

T-‘  C3>  CD  od 


■O  o 
•O  c  := 

£  3  CD 
3  O  is 

CO  ra  c 
©  ?> 
^  CO  g 

“  (5 


COCOCMCOCO'^COCOCOCOCOCOCOCOCOCO 

o  O  O  O  O  O  O  O  O  O  O  O  ^5  o  o  o 

liliJIXJliLLJlIlULJlillJJLIJUIUJlJLJlJJliJLLl 


0>  ICM  CO  CM  |C3>  lO  cn|l^  O  CO  CO  CMjC3> 
P  |»0  CO  00  CM  O  CO  CD  T-  00  O  CDlO 


CO  CO  CO  CO  CO  CO  CO 

O  Cp  CD  O  CD  O  (D 

li  UJ  LU  LU  LLJ  UJ  LU 

M-  CD  CO  o  CM 

CD  lo  CD  TT  ID 

*  ID  CD  TT  CX> 


CO 

3 

c: 

O 

< 

o 

TO 

cP' 

"D 

£ 

© 

c 

© 

"d) 

3 

o 

<o 

c 

CO 

o 

© 

O 

CO  CO  T-  CO  CO 

(D  CD  CD  CD  CD 

LU  UJ  LLJ  UJ  liJ 

CM  CX>  'd*  CD  CD 


ID  CO  CO  CM  O  ID 


COCOCOCOCOCOCOCOCOCOCMCOCOCOCOCOCOCO 

OOOOOOOOOOOOOOOCpCDCD 

UJUJLULUUJLULUujujujlJJUJlJJUJLJJLUlLILLJ 
r^OCDOJCMCR-^-OO  O  CD  M-  CD  CO  O  CM 
T-00OCDOT-<Dr--'«--t-^tDCD'M-h-'<-lD 


O  CO  (D  CM  C3) 


o  o  o 

CD 

cd  CD 


-sr  © 

S*  ^  c 

^  2  o  CO 
©  Q.  ©  ^ 

TO  P  'fS 


ro  ^  CL  CD  £  ^ 

-ctoP^'H)®—  . 

®  ■®e'0.£Ei-g3! 

copo^^  O 

SSo<.y^E.eo£c:2 

T?  TO  “  __  ^  ^  O  C 


O  Q.  ^  I  tr  « 
O  ©  £  CM  ©  .-e  'M- 


S  9  E  © 
xa  -rJ-  o  ^ 


3  TO  W 
O  O  TO  £ 


©CO 

I  S  2 

c  c  © 
O  ©  H 
re  *8  c<i 


CO  CD  CO 

o  o  o 

Q  Ltl  UJ  LU  Q 
2  o  in  2 

CNJ  CNJ 
h-‘  lO  T-* 


^  c 

■O  ?  -2 
£  3  CD 
3  2  i= 

CO  n  3 

m  S  o 
©  o 

CD  R 


^  LU  111 
O)  CO  ^ 

E  CD  CO 

^  oc>  cglcNj' 


cDojcococococacococNjcocorococococNi 

OOOOCpCOOOCpCDCOOOOOOO 

LULUUJUJUJLUUJUJLUliJLULIJLLJLLlLUUJLIJ 

CDCOr^N*COCMr^COCOCOT-T-OOT-*OOCMh- 

CMO-^OOO'^TTOOCO'^OO'r-OCO'^O 


Q  Q  Q  UJ  Q  Q 


CD 

3 

o 

c 

.2 

< 

OB 

C7 

T3 

i— 

E 

<D 

1— 

"c 

03 

03 

3 

C3 

CO 

CD 

a> 

C 

o 

O 

CMCOCOCOCOCMCMCOCMCOCOCO 


oooooooo 

(1111(11 

LULUUiUlUJLLJtJJUJ 

iocococsih-cr>CM<3> 

o>a50^coqTt;CD 

CD'T-^-r^'^CDCdcdcO 


LU  LU  LU  lU 

T-  T-  00 

|co  o  o 

CD  CD  CD 


LU  -ST  LU  Q 
,*?  CM  Z 

o  Si  m 

T-*  K-  cd 


CM  ICM 

o 

LU  Q 


=  ®  I  ? 

■?.  i  E I 

O  CO  ID  O 


2  C  ffl  ®  <B  ®  ® 

^  §.  N  c  g  I  I 

o  S  ®  S:.  ®  ®  ® 

re  o  ©  g 

i=^NSJ<D^©£  2-9 

.-i  §  I  .i  ©  .i  :i  :§  § 

coE:£idJ49Qn 
CDM'T-^^T—  T“T—  CD 


s  ® 

3  § 

©  2  o 

'  ^ 
•S  f?  -2 
-9  c”  ^ 

2  s 


£  £  -o'  ^ 

uj  O  ®  tf 

I  o 

CL  cr: 


CD  CD  CD  JD  ID  lO  ID 

O  O  O  O  CD  O  Cp 

QUjQLUUjQUJlJLJLlJliJ 

O  ID  T-  00  ^ 


TJ-  ID  ID  ID 

CD  CD  O  O  CD  O 

ujujlulljOlliOujoqqoo 

r:^^:?2:iD2co2:zz22: 

00  o>  T—  ID 


00  h-  00 
O  CD  CD  CD 

Q  LU  lij  UJ  LU 
Z  ID  OO 
ID  CD  CO  CO 
ID  CD 


IUUJOluOllIOOODO 

oo'^Z'^i'ZCMZZZZZ 

^  ID  T-  CD 


UJ  iU  O  UJ  P  UJ  O  O  a  D  G 


CO 

O 

Q  lil  G 

Z  CO  z 
00 

CD 


Q  Q  Q  Q  Q 

z  z  z  z  z 


OcMCMCMCMCMCMCMCMCMCNCNCNJ 
OoCpCpCpCDCDCDOOCD  O  O 

mUJmUJUJUJUiUJLLlUJLUUJLlJ 

•^OJCOCDT-otDCDiDOJCDCgO 

toCNj-r-^cocMi^iDr-iDiD^ro) 


CM  T-  CM  T-  CM 

CD  CD  CD  CD  O 

UJ  Q  UJ  LU  LU  LU 

CO  Z  'M'  CO  CD  00 

CO  CO  T-  CO  CM 


O  O  O 
O  O  O 
+  +  + 
LU  LU  UJ 

CD  CO 
CD  ^  T“ 


CMCMCMCMCMCMCMCMCM 

CpCDCpCDOCDOCpCD 

LULUlilUJLLILLJLlJLlJLU 

T-COlD'M-lDCDOCMO 

CDCD^-lOr^lDlD^CD 


0)  0? 

Z3  ^  ^  C  O  ^  >k  ®  O 


CD  is  t: 

C  o  <0 


OCD^Q)^  S 
GcoQcm"I^UJ< 


B  ?  I  '1  i 

^  ^  c  o  2  V 

52  D  CD  o 

ro  9  >  £  » 

i:  CM  C  CO  C1D 


C  0?  ^ 

C  c  o  ^ 

UJ  o  S  a: 


*D 

L- 

a? 

(D 

c 

•D 

o 

o  E 
CD  ^ 

C9 

o 

«  2 

a> 

c 

i  O 

O) 

CO 

o  O 

2  o 

3 

o 

c 

> 

o 

< 

O 

'c 

-5 

3 

E 

TO 

o 

Q_ 

t-  '“. 

Q> 

O 

CO 

*0  J 

CO 

CO 

TO  ^ 

s 

1 

TO 

UJ 

o 

1- 

tS  O)  ^ 

o  CO 
«  m  o 
CL  CD  t: 


E  2  -o'  ^ 

!ii  °  S  q: 

TO  £  3 


QQQQQQQQQUJQQQQQQlLJQQlljQ 


CD  CD  CD  m  to 

o  o  o  o  o 

t  I  I  I  I 

III  UJ  UJ  LU  LLI 

t-OOCDIOt- 
CD  CM  lO 


Q  UJ  Q 
2  CO  2 


LU  LU  LU  LU  LU 

m  CO  to  Tf 

0>  CD  CD  CO  O 

to  00  CNJ  co' 


he 


^  CO  CO 

c  o  o  o 

.2  QQQQQQDQQijjClQQQQQujQQiiQ 

§  2:2:Z2Z2:2:2Z242Z2Z2ZC.Z2ffi2 

— ,  cq  p  to 

^  CO  CO  CM 


00  GO  GO  OO  00 

p  p  O  O  O 

lU  LU  LU  LU  LU 

'M*  CM  00  05  CD 

CM  CM  p  p  CD 

'  T-^  id  CD 


«  1X5  <D 

£  CD  t: 


H 


_  "e  o 
£  5  <0 

3  2  i= 
CO  ^  c 
CO  05 
<u  -5  o 


pppppppppppoooooooooo 
LULULULULULULUlUlUujLUaiLiJLULULLILLJlULULUUJ 
N-oooooooo'^h^h*oOQON.oooooooococoooh«-cooo 
pN*f^f^t^pppN-r^ior^h«-r^h'.N.h«-is»iocDt^ 
COr-T—  T-T“T“C0C0T-T--cdT-^T-^T^T-^T-^T-^X-^C0“* 


Q  Q  Q  Q  Q 
2  2  2  2  2 


© 

3 

C 

O 

< 

o 

© 

eo 

"D 

E 

£ 

*3 

© 

3 

t5 

© 

C 

© 

o 

© 

O 

CMCMCMCMCMCMCMCMCMCM 

OOOOOOOOOO 

LULUUJLULLJLUUJIJLJIULU 

f^h-r^ix5mi^r-ir5r^C35 


CMCMCMCMCMCMCMCMCM^ 

OOOOOOOOOO 

LULUUJLULLILUUJIJJLULIJ 

loior^i^r^mr^r^iDT- 

ix5ior^r>-i^iotO!^iDO 


CM  CO  CO  CM  CM 

^  p  p  o  o  o 

5  UJ  UJ  LU  LU  UJ 

it  o  o  O  O  M* 

I—  P  P  C35  tT 

'nr  CM  td  0C>  CM  CO 


ro  «= 

®  Jc  .2 
■MZ  3 

"c  3  4- 

§  I'.l 

^  05  *0 

*C  E  CD 
CM  ^ 


O  C 
C  05 

a>  ^  c  -2  o 

C  ^  2  O  ^ 

=  O  3  O  05 

c  i;  £  x: 

cc  *=  o  Q. 

o  ^  .£  o 

is  T3  C  X3  i: 

I  05  I  •— 

c  X5  c 

CO  cm"  ^  cm"  Tri 


'©^  j£ 

.£  >» 

'  E  ©  © 

'  ©  XI  c 

l-f-  !8 

^  ^  i 

2 

o  §■  O 

o  c  3 

2  CO 

E  ^  g 

C  -M-  XI 


-  i£ 

©  o 

5  -o 

^  *§ 

©  -o 

5  O  -D  ® 

II  5  1  ^  ^ 

^  -E  —  c  ©  © 
o  g-  o  o  e  o 
X  O  c  IM  ©  © 

y  ©  ©  C  *0  ■© 
>  C5  x:  ©  c  o 
CO  <  D-  CD  3  D 


E  ^  ^ 

m  o  S  cf 


•o 

<D 

0) 

c 

T? 

O 

o  E 

CO 

CO 

^  O 

CO  2 

05 

E  o 

O) 

E 

u  O 

2  O 
•S 

o 

c 

> 

o 

< 

o 

c 

CO 

D  E 

:=  <D 

O  ^ 

n  .  ^ 

Jr  CO 

O  a.  E  . 

"  TJ  5  ’ 

S  ^  3 


J  |o  Q 


33  O)  ^ 

o  -r-  CO 

«  m  0) 

a  CD  r 


ifs  i 

S8l 

E  "S 

O  t. 

0) 

I  I 
1  ^ 


c 

"D 

T5 

c 

_o 

2 

3 

CO 

CO 

3 

2 

w 

E 

CO 

(0 

D) 

"c 

<D 

O) 

0 

O 

O 

>§. 

2 

CO 

X 

3 

O 

o 

(0 

3 

O 

c 

,o 

< 

TO 

co*^ 

T5 

E 

0 

L_ 

c 

0 

3 

O 

CO 

ro 

0 

c 

o 

O 

Q  Q  Q 
Q  Q  O 

O  O  DL 

X  X  X 
X  X  ‘ 

I  I  CO 

00  O  ^ 
N-  00  CO  Q 
CD  Q 

CO  CO  CO  ^ 
C4  CM  CM  y 


a 

a  a  Q 
Q  Q  O 
^  O  O  X 
Q  LII  LU  X 
p  a  a  ' 

I  I  00 

T  00  00 

00  Tj- 

CO  -M-  CO 
CO  CM  CO  CM 


a  a 
^  ii-  u-  Q  Q 

Q  Q  Q  O  O 

o  o  o  a  a 

X  X  X  X  X 

XXX** 

I  t  -T  00  05 
CO  05  00  r-  00 

r^cor^cor^ 

cor^cD^***^* 

CO  CO  -M-  CO  CO 

CM  CM  CO  CM  CM 

T-  CM  t—  T— 


10/25/00 


APPENDIX  C 

HEALTH-BASED  SCREENING  LEVELS  AND  ACUTE 

TOXICITY  VALUES 


For  the  Chronic  Evaluation  (HBSL)  |  For  the  Acute  Evaluation  (ATV) 


r-  m  CO  cnj 
o  o  o  o  o  o 

+  +  +  4-  +  + 

LU  LU  LLI  LU  IIJ  UJ 

ID  O  O  00  O  0> 

TT  CO  P  C3>  CO 

r-^  to  CnI  CO  O) 


■■hIiDL 


lO  CD  CM 

o  o  o  o  o 

+  +++  + 

UJ  ID  LU  LU  LU 

O  00  OO  O  CD 

CM  P  p  P 

id  CM  CO  C35  r^' 


CO  CO  CO  CO  CO  CO 

o  o  o  o  o  o 

+  +  +  4-  +  4- 

LU  LU  LU  LU  LU  LU 

CO  OO  o  o 

CD  'M-  C3>  lO  O  O 

^  V  C3>  CM  CO  CM 


CO  CO  CO 

o  o  o 

UJ  LU  <  <  <  LU 

o  o  2  ^  ^  o 

CD  lo  O 


O  O 

<  li  <  <  ill  < 

2  00  2:  21  M-  ^ 

o  o 

CM  T-* 


W 

IHUH 


O  CM 

?  9 

<  <  LD  LU  < 
z  2  o  2: 
to 


pCMCOhj-pCO'^p'^-iOp 

CDo6d>T^COr^OOOCMCOCM 

COCOCO'M''M''M’M'tOC3>C3>0 

CDcicDCDCDCOcbodjcicD 

M'M-’M'M-M'M-M'M-COCOM- 


C^J 

O 

O 

<D 

•g 

x 

o 

b 

c 

o 

TO 

a 


CM 

6 


Appendix  C:  Health-Based  Screening  Levels  and  Acute  Toxicity  Values 


COTTCDCMxrcO'^’^ 

o  o  o  o  o  o  o  o 
+  +  +  +  +  +  +  + 
LUUJLLIUJLLilJLlLlJLU 
COOt>-.OOCNjOOO 

c\iaococoioh--coio 


f^COls^lO^’^^CDr^COCDCM'^CDCO 

ooooooooooooooo 

V+  +  +  +  +  +  -J-  +  +  +  +  +  +  + 

LUlUlilUJUJliJUJLULUUJUJLUlJUlijLU 

OOt-OCDOOOCM'^OO'^-OOCNOOr^ 

Tj-TrT-ocsicMoocp'^oqoqcocuipco 

r-^'^c\icNi*«-cNiiooiT-(N^csir^o>CNi 


<  <  < 
2  2  z 


CO  CD  csj 

o  o  o  o  o 
+  +  +  +  + 
UJ  liJ  LU  UJ  LU 
CO  o  05  o 

CM  CO  CO  CsJ  lO 
^  CM  CM 


LU  LU  5  UJ  5 


O  O  o 

UJ  LU  ^ 
CO  CO  ^ 
CO  CO  ^ 


o  o  o  o 
c  c  c  c 


T-  ^  CO 
O  O  o  O 

LU  UJ  ^  UJ 
CO  CO  o 
00  00  ^ 


T-  T-  CM  CO 

O  O  O  o  o 

LU  UJ  lU  UJ  <  Ljj  < 

CO  CO  m  Z  ^  2 

ItC  r->  in 


ltl  <  <  <  <  < 

lo  z  z  z  z  z 

CD 


h-.CDr^tD'M''M''^CDr^CD 
OOOOOCDOOOO 
^4-  +  +  +  +  +  +  +  +  4 

<lululijluluujlulululu 

ZoO'r-OCDOO'^CM'M-CO'^- 

'li-TfT-OCMCMCOCD'M-Oq 


<  <  <  U!  <  <  <  < 


CM^  <^CMCOOO^^ 

o  o  o  o  o  ^  ^  ^  ^ 

<UILU‘^IUUJ^UILLIUJLU 
Zcn-i-^rs-O-^T-cM^o 
O'T-  COCMr^CMCOOCO 

Csild  -r^CM^^lDCMCMr^ 


CM  'M-  CD  CD 

o  o  o  o 

4  4  4  4 
LU  Ul  LU  LU 
c:5  CM  00 
CM  c;5  ID  CO 


CM 

o 

i  <  <  < 

o  2  ^ 

00 


CM  -M*  CM 

o  o  o 

4  4  4 

LU  LU  LU 

't-  CO  lO 
<M  T-  CD 
CO 


wmtmm 


V  4 

<  LU  <  LU 


mmm 


C7>  Z  'M' 

o  to 


CD  V 
^  h-  CO 

CD  Q  5^ 


<  UJ  <  UJ 


to  CO  M- 
CO  T--  CD 

ID  CD 
h-  r-  CD 


^  ®  I 

^  o  ~o  \ 

^  03  0  >»  ® 

®  ^  -S  ■§,; 

2  0  jz  x:  -C 

CD  TO  0  0  m  0 ' 

g  TO  :d  2  15 

.2  C  CD  0  0 


0  ~  C  O 

CO  CD  H*  N  I- 


^  <  <  a  olSImliS 


u;  u/  ^ 

C  0  0  C  (j)  O  B 

0  -a  C  0  c  n  O 

£  0  £  CD  §  Z> 

^©0T3  0-C;^'g 


t=  O 

o  9  ®  c  -C 


12  =  I  I  Ll  i  l  l  s  =  § 


iifig  ueveis  ana  Acute  loxiclty  Values 


For  the  Chronic  Evaluation  (HBSL)  |  For  the  Acute  Evaluation  (ATV) 


Ethane _ 74-84-0 _ NA _ NA _ NA  NA  NA  NA 

Propylene _ 115-07-1  NA _ NA _ NA  NA  NA  NA 

Propane _ 74-98-6  NA _ NA _ NA  NA  3.78E+06  T  3.78E+06 

Propyne  (methyl  acetylene)  |  74-99-7  |  NA  |  |  NA  |  |  NA  NA  2.79E+06  T  2.79E+06 


ciiiu  Mcuie  loxicity  values 


Appendix  C:  Health-Based  Screening  Levels  and  Acute  Toxicity  Values 


4-nttrophenol _ 100-02-7  2.92E+01  nc  2.92E+01  nc  2.92E+01  NA  3.00E+04 _  T  3To^E+04 

Fluorene _ 86-73-7  1 .46E’f  02  nc  1 .46E+02  nc _ 1  ■46E+02  NA  7.50E+04  T  7.50E+04 

4-chlorophenyi-phenylether _ 7005-72-3  NA _ NA _ NA  NA  NA  NA 

diethylphthalate _ 84-66-2  2.92E-f03 _ nc  2.92E-^03 _ nc _ 2.92E-f03  NA  i!50E+04  T  1  50E+04 


1  veiling  I.WOI9  uMu  Muuie  I oxfcity  vaiuos 


For  the  Chronic  Evaluation  (HBSL)  |  For  the  Acute  Evaluation  (ATV) 


For  the  Chronic  Evaluation  (HBSL)  I  For  the  Acute  Evaluation  (AT^ 


CO  CSi  CnJ  Tt 

o  o  o  o  o  o 
<IU<LJJIUUJUJULJ<5 
00  p  O  O  O  to 

CO  CO  CD  <D  CO  CNJ 


im 


I-  M-  H  H  H  H 


tT 

o  o  o  o 

^  ^  +  +  +  + 

<  <  UJ  tu  UJ  LU 

2  2  0  0  0  0 

o  in  o  o 

lO  T-*  ^  CO 


I-  K  I-  H 


Tf  COINCMtT'^  Tf 

o  o  ooooo  o  oooo 

UJ<<LU<LUUJUJUJUJ<<UJ<<UJUJUJIU 
t-2Z|s.2:ooooo22.o22-oooo 
m  CO  oooolo  p  pm  op 

CO  CO  CD*  CD'  CO  cvi  U)  t-'  t-*  CO 


<<<<<<;<<<<<<<<<!<<<  <1 


0'f~’^^T—  T—  OOCMt- 
OOOOoOOOOo 
+  +  +  +  .A  ^ 

LUUJLULUUJUJlULUUJUJ 

C3>mmmomioino:j 

OCOCDCD®?^CDCDt-CM 

cm'cococo^^cocov-^ 


-r-  CM  CM  x~  T- 

O  O  O  o  O 

<  UJ  LU  <  LU  LU  UJ 

Z  lO  CO  2  lo  O  CO 

CD  p  ^  ® 

CO  T—  CO  ^  05 


oooo 
c  c  c  c 


Ot-t-^^^OOCMt-CM  CM^t- 

OOOO  o  o  o  O  O  o  O  O  O  O  o  o 

LUUJujuiLULuiu][ujtUlU<<LULU<LUUJ|li 
T—  CDCOCD^^CDCD^^^  CDOO  CD^^ 

csi  CO  CO  CO  CO  -1-^  *^5  CO  CO*  05 


oooo 
c  c  c  c 


O'T—  ’r-T—^-^OOCSlT-CM 
ooooooooooo 

J.  a. 


POP 


v-^  Vw*  w  n  V— ^ 

UJUJLULULULUtJJlUUjUJlU<<UJLU<lULULLi 

lo  in  in  CO  m  tn  in  ^  Z  in  m  to  O 


UJ  UJ  u-i  u-i  “  "  LU  UJ  m  I— r 

ommmoioiom  o 

OCDCDCO^^CDCO  T-"jCM 
CMCOCO'CO’^C^COCO^ 


2Zmco2inOco 

CD  00  CD  00  r- 
co  CO  C7) 


CO  CM  P 
m  CM  00  c> 
c;5  O  C35 

00  00  05  05 
C35  OO  C^  C35 


o  “P  -a-  t 

O  ID  A  to  CNJ 

S  "  P  ? 

d>  §  2^  d)  ®  j;; 


«  2  w  f'<  'T 

T  ^  jc  p  p 

S  S  00  ^  ^  Sjj 

^  o  r-  CO  -  5! 


<D  05  05  m 

C  C  C  c 

0)  CD  05  c 

_2  _2  <i> 

oooo 
o  o  o 


0) 

C  0) 
0)  C 
05  0)  N  CD 

C  C  C  3 

05  05  0)  7^ 

o  o  2  2 


•g  i  .-t  ^  g>  9  9  9 

^  Z  Z  Z  ^  CO  j  CD  I  wo 
Z  CM  CO  M*  Z 


Q  Q  ID  CD  X 


o  S  B 

^  JCO  CO  05 

S  CD  CO  .£ 

£  P 

:£  JC  CO  « 

^  0-  0.  ^  3 

05  rr  •=-  C  O 


C-10 


APPENDIX  D 


RISK  ASSESSMENT  DATA 


40mmMK19Risk.xls 


Table  D-1:  Comparison  of  Air  Concentrations  With  Health-Based  Values  for  the  M918 


o  o  ®  «  g  o  o  m  o  o  o  ro  U  w  o  ro  2  «  g  «  o  o  «  o  g  «  2 


CDCM'^CDlO'^lOCOlOlO'^'^lOlOCDTflOlOCO 

ooooooooooooooooooo 


CO  cdIio  CO  ir>  lo 
o  o  o  o  o  o 


+  +  +^^+  +  +X+  +  +  +  +  +  +  +  +  +  + 

T—  O  CM  CO  T—  T—  Oi  CCi  lO  N«.  ITi  r\J  cn  T~  rvj  rvl  I  ^  ^  rrs  ^  rr\ 


!T~O>CDlOf^tr>CMC0T~CMCMtO^ 
OC00>lf:>'r-^O>C0CMCsi0>0>C0'^ 
'r-^  0>  CD  CM*  in  T- od 


CO  -M-  00  CO  CD  O 
C^ICM  olio  lO 


CD  TT  lO 
O  O  O 
+  +  + 
LU  LU  LU 
'M*  'M-  00 


COT-  COt-CMCMCM  cm  CMt-cM 

oo  ooooo  o  ooo 

T-  IOt—  L0C3>CD  t— 


2252522S50^oa3cocDCDCocoococDCD(Dcooocoa5CDct5cn 

CCCCCCCCCCCCCCCCCfZCCCCCCCCCCCC 


iS  g  O  o 
Q.  J-  <  O 
-2  ^ 
X  ^  ^  ol 


40mmMK19Risk.xls 


Table  D-1:  Comparison  of  Air  Concentrations  With  Health-Based  Values  for  the  IVI918 


40mmMK19Risk.xls  D-5  10/25/00 


O  O  CO  CO  O  CO  CO  O  CO  CO  CO  CO  o 
c  c  c  c  clcliz]  c:\clcz\c\c:  c 


O  O  O  O  CO  CO  (O  O  CO 

cc  c  c  cc  cc  c 


CO  O)  OO  CD 

O  p  o  o 


lo  CO,  m  ^ 

o  o  o  o  o  o 

+  +  +  4*  +  + 

LU  LU  LU  LU  LU  UJ 

t-Ot-O'c-t- 
CD  CN  O  (35  h-.  <N 

CD  CD  CO  Csi  CO  CO 


CD  CD  I  ID  CD  CD 


OO  OOOOO  O 

+  +  ^^+4  444  ^^^4 

UJUJ<<LiJLUlULLJLiJ<<<UJ 

oo2:zco(3>csji^t-2:22o 

cop  CO 

CO*  CO*  csi  D)  CD  ID  T-‘ 


LU  LU  LU  LU 
CD  N-  ^  h- 
C>j|p  ID  <N 

‘  T“'  00  T-* 


CD  1^  CD  hr 


O  O  O  O  O  o 

4444^^44^ 

UJUJUJUJ<<LJLJUJ< 


05  1^  O 

h“  00  CO 


o  T-  T-  T-  O 

o  O  o  o  o  o 

4  4'it^-4 
UJUJUJUJUJ<C<Iqj 

T~  lO  CD  OO  TJ* 


o 

<  <  <  LU 


CNJ  CM  CM 
CD  O  O 

LU  <  LU  LU 
o  2  'M-  r^ 

CO  o  CO 


CO  (0  CO  CO  CO  CO 

c  c  c  c  c  c 


(0  CO  (0  (0  CO  CO  (0  CO  CO  CO  CO  CO  (0 

c  C  C  C  C  C  C  C  C  IZ  c  c  c 


coocoocococo 

ccccccc 


UJ  Ui 

CO  CO 

CD  OO 


^  > 

<D  (}} 

8 

CD  ro  E 

£c  g 

«  s  - 


o  O  O  o  O  o 

I  1+14-  I 

lU  UJ  LU  UJ  UJ  UJ 

CD  CD  05  O  CO  CO 

O  05  o  CO  O 

CO  cd  CM  csi  CO 


>>>>>>>>>>>>> 


T-  O 

O  o  o 

I>uj>LU]>>>uj> 

CM  p 

ID  00  cd 


CO  00  05  <05  O  CD  O 

O  O  O  O  O  T- 

IULLJLULLIIU<<UJ<<<<LU 
cocdcmc35t-2Zcd22Z2t- 
CM  CM  ID  T-  C35  05 


00050T-0  OO 

UJLULUIJJLULU<UJIU 
OlD'r-00  00  C02C35CD 

popoi^'M;  coo 

T-  T-  h«-*  T-  T~  CM 


W  <D 

c  c 

ODD 
N  *D  N 
C  -JZ  c. 
D  o  D 
^  ^ 

2  o  s 
0^0 
-c  ^  x: 
o  g  o 

Q  D  Q 
^  03  ^ 


“a  c 

-  s  ® 

3  *0  r- 


®cd®®2|d9| 

Q.:£3>-iS:om 

jr®SOD-D33©J) 

uj^^JaEg-gmcc 


D  ® 

"tr  D  >» 

^  C  C  D 
^  D  O  E 

CO  3  o  i5 

'S  o  £ 

D  CO  ^ 

C  C  D  tL 

^  fO  C  c 
3  i=  ^ 
m  3 

'  CD 


D 

c 

D 

111 


o  ^  ^  L? 

>»  iT:  u-  X 


40mmMK19Risk.xls 


Table  D-1:  Comparison  of  Air  Concentrations  With  Health-Based  Values  for  the  !\/l918 


<  <  < 
2  H  Z 


CO  CO  CO 

o  o  o 
+  +  + 
LU  LU  LU 
C»  00  CO 
CO  ^  Ti- 


coHrh^cO’^toioh^'^ 
o  o  o  o  o  o  o  o  o 


o  o  o  o 


+  +  +  +  +  ^  +  I+  +  +  + 

LU  LU  LU  LU  LU  LU  UJ  |UJ  LU  LU  LU  LU  LU  ^  ^  LU  LU  LU  LU 


OlOlOlOr-T“'r-COO>2oo2T-Co2 
tOOOOOCNlCDCDOlOO  0>0  UOOO 

CNiibcoirJcocDcoiocd  cNcsi 


o  cvj  r-  o 


<  <  LU  <  <  <  < 
2:  Z  r-  Z  2  2:  Z 


<<<<<<<<<<<<<<<<<< 

zzzzzzzzzzzzzzzzzz 


CO  CD  CQ 
c  c  c 


«  2  «  2  « 


CD  (0  CO 

C  c  c 


■n— 


-i-r  ^ 

o  £ 

S  -3  — 

CO  « 
CD  05  c 

1  c 

■C  TO 


>>>>>>> 
z  z  z  z  z  z  z 


CO  50  ^  o 
o  o  o 

I  ,  4.  +  + 

UJ  LU  LU  LU  LU 
05  CO  <35 

CO  00  ^  00  CM 


<MCO^CMt~'<^CMOO  -r-  t-tJ-cMt- 

OOoOooOOO  o  0000 

LULULUluLULUlUIULU^LU^LULULUIU 

CDO^COO^COCIJOO^O^OCDCOCD 


V-y  ^  W 

00  CO  CD  CO  o  o 
^  CD  ^  CM  r- 


O 

T-’  Cvi  T-' 


<  <  UJ  <  <  <  < 
Z  Z  CO  Z  Z  Z  Z 
o 


(DlCD  CDlOJ  CO  CO  CO  CO  CO  CO  CO  CO  CO  I  CO  I  CO  |  CO  CO  CO  CO  CO  CO  CO  colcolco 

c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  hz  c  c  c  c  c  c  c  c  c 


CO  O  CO 
c  c  c 


xrcN  CO  cM^t  '^cocm  T-corrmcoTrm 

ooooooo  oo  o  oo  ooo  ooooooo 

+  +  +  +  +  +  +^++^  +  ^+  +^+  +  +^^+  +  +  +  +  +  + 

ujujaiuJUJUJiu<iiJiu<iij<uJuj<!juujuj<<ujmiijujiULiJuj 


^  CO  CM 

ooo 


T-  o  O  CO  o  o  o 
CM  O  O  CM  O  O  O 


—  CO  CM  CM  CM  CO  CO  CO 


OOO 

to  O  O 


^  Q  CD  O  o  h“ 


to  to  in  o  CM  o  lo 


<r<C<C<C<C^<!<C<[<!<!<C<^<C<!<C<C<(<^<C<r<C<C<!<(<Cuij<C 


■■■■ 

m 


CO  CO  CO  CO  CO  CO  CO  CO  CO  CD  CO  CO  CO  CO  CO  CO  CO  CD  CO  CO  CO  CO  CO  CO  CD 

c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c  c 


CD  O  CO 

C  c  c 


■D  > 

O  o 

S  -2  - 
CP  D)  E 
£  C  g 

©  £ 

X  o 
CO 


i  £ 

O) 

o  3 


CO  CM  CO  CO 


O^O'^  CO  T“0  COCMCMCMcMt— 
oo  oooo  o  oo  ooooooo 

LULU>UL)LUUJLU>LlJ>UJUJ>liJUJUJlijLULULU 


LULU>UL)LUUJLU>LlJ>UJUJ>liJUJUJlijLULULU 

tnioZocoocM^cM^ior^ZoooioooOo 

CDCD  CO’^COOS  C3>  COrO  ^COfOrrjtOOOro 


CO  CO  CD 
hJ  T-**  CM 


:|Cp  CO  CO  00  CO 
CO  h-'  ^  r--‘ 


<<<<<<<<<<<<<<<<<<<<<<<<<<UJ<  < 

2ZZZZZZZZZ2ZZZZZZZ2ZZZZZZzto2  Z 


o 

o  c  © 
c  ©  c 

^  3  © 
w  x: 

3  £  2 

JO  ©  Q. 


o  o  i: 

^  -5 


o  S 

c  ^  ©  © 

®  ®  ^  ©  ® 
Cl  jC  .£  ©  3  Cl 

O  *1-  ©  ^  o  © 

f illil 

^  S  *?  ®  =5  = 

iq  CM  £  CD  CO 


1-  _  L_ 

©  o  X*  © 

^  c  ^  £ 

©  ©  ©  © 

£  ">%  ©  ^ 

=1111^11 

9-5C®  =  <?■ 

2  §•>•■§.5 

c  ^  ®  >.  .-fc  'V  .9-  § 
^c-c^co-n^ 

1  »  ^  ^  ^  O  Q. 

Tr'»g:£'»-£go 
§  ?  “  p  . 

o  ®  i 

4.  c  ! 


ssif  II 
II  I  g  SI 

Q.  5=  ^ 

P  ^  Q.  X3  >%  JZ  t; 

If  ^llf  I 

^  -9  1  ©  ^  ^ 

£5^29121 

o.  *©  D  CO  CM  -o  ;j; 

-D  CO  'rr'  © 


Table  D-1:  Comparison  of  Air  Concentrations  With  Health-Based  Values  for  the  M918 
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Table  D-3:  Comparison  of  Air  Concentrations  With  Health-Based  Values  for  the  M781 
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APPENDIX  E 


FACT  SHEETS  SUBMITTED  TO  THE 
U.S.  ARMY  ENVIRONMENTAL  CENTER 


U.S.  Army  Environmental  Center 

Training  Munitions  Fact  Sheet 


M918  40-mm  Practice  Cartridge 

Department  of  Defense  Identification  Code:  B584 


Breathing  air  emissions  from  the 
M918  40-mm  practice  cartridge  will 
not  impact  the  health  of  residents 
who  live  near  Army  training 
facilities. 


To  be  fully  prepared  to  protect  our  country,  U.S.  soldiers  must  train  with  many 
different  weapons  and  munitions,  including  the  M918  40-mm  practice  cartridge. 
This  training  is  important  because  it  helps  prepare  our  soldiers  for  a  variety  of 
combat  situations.  While  the  Army  recognizes  the  value  of  such  comprehensive 
training  on  our  installations,  we  also  work  hard  to  ensure  the  safety  and  health  of 
surrounding  communities. 

Will  Breathing  Air  Emissions  From  The  M918  40-mm  Practice 
Cartridge  Affect  My  Health? 

To  answer  this  question,  the  U.S.  Army  tested  the  air  emissions  that  are  released 
when  the  M918  is  fired.  The  information  gathered  during  these  tests  was  then 
analyzed  to  determine  if  there  would  be  a  potential  for  health  effects  from 
inhalation  to  residents  who  live  near  training  areas.  Study  results,  generated 
using  conservative  methods,  showed  that  offsite  residents  breathing  air  as  close 
as  100  meters  (328  feet  or  about  the  length  of  a  football  field)  from  the  firing 
location  are  safe  from  these  emissions.  At  most  locations,  training  areas  are  at 
least  1,000  meters  (over  half  a  mile)  away  from  populated  areas  and  the  distance 
to  firing  locations  may  be  even  farther. 

How  Was  The  Study  Conducted? 

To  gather  data  for  this  study,  the  M918  was  fired  from  the  Mark  19  machine  gun 
in  a  test  chamber.  The  air  in  the  chamber  was  then  tested  to  identify  the  types 
and  amounts  of  substances  released.  About  300  different  substances  were 
looked  for  during  this  part  of  the  study. 

This  information  was  then  used  in  an  U.S.  Environmental  Protection  Agency 
(USEPA)  approved  air  model  (a  computer  program  that  allows  estimation  of  air 
concentrations)  to  determine  the  amount  of  each  substance  to  which  someone 
living  near  a  training  site  might  be  exposed.  Downwind  concentrations  were 


estimated  based  on  a  typical  use  scenario  for  the  M91 8  during  training  exercises. 
Since  this  study  did  not  look  at  any  one  specific  training  area,  the  assumptions 
used  in  the  model  would,  in  most  cases,  predict  higher  downwind  air 
concentrations  than  those  expected  at  an  actual  training  site. 

These  estimated  air  concentrations  were  then  compared  to  screening  levels 
established  by  the  USEPA  and  other  federal  agencies.  If  the  air  concentrations 
are  less  than  these  screening  levels,  they  are  considered  safe  for  the  general 
population,  including  sensitive  people  such  as  the  sick,  elderly,  and  children. 

What  Are  The  Study  Limitations? 

Many  steps  were  taken  to  ensure  that  the  results  of  this  study  are  protective  of 
residents  who  live  near  training  facilities.  However,  as  with  any  study,  this  study 
has  limitations.  For  example,  the  study  does  not  consider  exposure  to  other 
types  of  munitions  that  could  also  be  used  during  the  same  training  event.  Due 
to  these  limitations,  conservative  model  conditions  were  used  to  ensure  the 
protection  of  public  health  from  breathing  M918  air  emissions. 

What  Exactly  Is  The  M918  40-mm  Practice  Cartridge? 

The  M918  is  a  practice  round  used  only  in  training.  Multiple  cartridges  are  linked 
together  and  fired  at  targets  of  varying  distance.  The  M918  mimics  the 
appearance  and  behavior  of  the  M430  cartridge  used  in  combat.  Each  M918 
cartridge  consists  of  a  steel  body  enclosed  in  an  aluminum  case.  The  propelling 
charge  is  made  primarily  of  nitrocellulose  and  nitroglycerine.  Nitrocellulose  is  the 
primary  ingredient  in  smokeless  propellant  (for  both  military  and  commercial  use) 
and  is  also  used  in  the  production  of  lacquers  and  artificial  leathers. 

Nitroglycerine  is  a  component  in  dynamite  and  is  used  for  military  and  industrial 
purposes  such  as  mining  and  demolition.  Each  M91 8  cartridge  is  about  the 
length  of  a  soda  can  and  can  be  identified  by  its  blue  and  brown  color  with  black 
markings. 

Where  Can  I  Get  More  Information? 

For  more  information  on  the  M918  or  other  military  munitions,  please  call  the 
Army  Environmental  Hotline  at  1-800-USA-3845,  visit  our  Web  site  at 
www.aec.armv.mil.  or  e-mail  t2hotline@aec.apqea.armv.mil. 
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Breathing  air  emissions  from  the 
M781  40-mm  practice  cartridge  will  ! 
not  impact  the  health  of  residents  | 
who  live  near  Army  training 
facilities. 


To  be  fully  prepared  to  protect  our  country,  U.S.  soldiers  must  train  with  many 
different  weapons  and  munitions,  including  the  M781  40-mm  practice  cartridge. 
This  training  is  important  because  it  helps  prepare  our  soldiers  for  a  variety  of 
combat  situations.  While  the  Army  recognizes  the  value  of  such  comprehensive 
training  on  our  installations,  we  also  work  hard  to  ensure  the  safety  and  health  of 
surrounding  communities. 

Will  Breathing  Air  Emissions  From  The  M781  40-mm  Practice 
Cartridge  Affect  My  Health? 

To  answer  this  question,  the  U.S.  Army  tested  the  air  emissions  that  are  released 
when  the  M781  is  fired.  The  information  gathered  during  these  tests  was  then 
analyzed  to  determine  if  there  would  be  a  potential  for  health  effects  from 
inhalation  to  residents  who  live  near  training  areas.  Study  results,  generated 
using  conservative  methods,  showed  that  offsite  residents  breathing  air  as  close 
as  1 00  meters  (328  feet  or  about  the  length  of  a  football  field)  from  the  firing 
location  are  safe  from  these  emissions.  At  most  locations,  training  areas  are  at 
least  1,000  meters  (over  half  a  mile)  away  from  populated  areas  and  the  distance 
to  firing  locations  may  be  even  farther. 

How  Was  The  Study  Conducted? 

To  gather  data  for  this  study,  the  M781  was  fired  from  the  M203  40-mm  Grenade 
Launcher  in  a  test  chamber.  The  air  in  the  chamber  was  then  tested  to  identify 
the  types  and  amounts  of  substances  released.  About  300  different  substances 
were  looked  for  during  this  part  of  the  study. 

This  information  was  then  used  in  an  U.S.  Environmental  Protection  Agency 
(USEPA)  approved  air  model  (a  computer  program  that  allows  estimation  of  air 
concentrations)  to  determine  the  amount  of  each  substance  to  which  someone 
living  near  a  training  site  might  be  exposed.  Downwind  concentrations  were 
estimated  based  on  a  typical  use  scenario  for  the  M781  during  training  exercises. 


Since  this  study  did  not  look  at  any  one  specific  training  area,  the  assumptions 
used  in  the  model  would,  in  most  cases,  predict  higher  downwind  air 
concentrations  than  those  expected  at  an  actual  training  site. 

These  estimated  air  concentrations  were  then  compared  to  screening  levels 
established  by  the  USEPA  and  other  federal  agencies,  if  the  air  concentrations 
are  less  than  these  screening  levels,  they  are  considered  safe  for  the  general 
population,  including  sensitive  people  such  as  the  sick,  elderly,  and  children. 

What  Are  The  Study  Limitations? 

Many  steps  were  taken  to  ensure  that  the  results  of  this  study  are  protective  of 
residents  who  live  near  training  facilities.  However,  as  with  any  study,  this  study 
has  limitations.  For  example,  the  study  does  not  consider  exposure  to  other 
types  of  munitions  that  could  also  be  used  during  the  same  training  event..  Due 
to  these  limitations,  conservative  model  conditions  were  used  to  ensure  the 
protection  of  public  health  from  breathing  M781  air  emissions. 

What  Exactly  Is  The  M781  40-mm  Practice  Cartridge? 

The  M781  is  a  practice  round  used  to  train  soldiers  operation  of  the  M203.  When 
launched,  the  M781  can  reach  a  maximum  distance  of  up  to  400  meters  (0.25 
miles).  Upon  impact,  the  M781  releases  a  bright  yellow-orange  smoke  that  can 
be  used  to  determine  the  distance  from  the  target.  The  M781  consists  of  a  metal 
projectile  that  is  attached  to  a  plastic  cartridge  case.  The  cartridge  is  filled  with  a 
yellow-orange  dye  that  produces  smoke  when  the  M781  hits  a  target.  Each 
M781  cartridge  is  about  the  length  of  a  soda  can  and  can  be  identified  by  its  blue 
casing  with  white  markings. 

Where  Can  I  Get  More  Information? 

For  more  information  on  the  M781  or  other  military  munitions,  please  call  the 
Army  Environmental  Hotline  at  1-800-USA-3845,  visit  our  Web  site  at 
www.aec.armv.mil.  or  e-mail  t2hotline@aec.apqea.armv.mil. 


